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THE CONTRIBUTION OF THE DAM IN INHERITANCE 
OF MILK AND BUTTERFAT* 


LYNN COPELAND 
Register of Merit Department, American Jersey Cattle Club, New York City 


Raising the level of the average production of dairy cattle in 
America has in the past been accomplished primarily through 
improved feeding methods, better management, and through the 
elimination of low producing animals. Obviously, the degree to 
which the average production can be increased by these methods 
is limited. The results of Register of Merit and Herd Improve- 
ment Association testing during the past five years indicate that 
little further progress is being made by this means. To continue 
to raise this level of production it seems apparent that it is to 
inheritance and scientific breeding methods that cattle breeders 
and dairymen must look. 

Modern breeding methods depend primarily on the selection 
and continued use over a period of time of prepotent herd sires. 
Genetic research has, during recent years, centered on methods of 
locating and choosing such sires. The herd sire has been given 
prominence by investigators since his offspring are far more numer- 
ous than those of any one cow, and he contributes one-half of the 
inheritance given to them. In much of the recent literature on 
the subject of inheritance of milk and butterfat production, the 
influence of the dam is almost ignored. Certainly the literature 
emphasizing the contribution of the dam from a genetic view- 
point is meagre compared to the amount that has been written 
relative to the sire. This is due not only to the greater number 
of progeny of the sire, but also because it is more readily possible 
to determine a bull’s transmitting ability by the performance of 
his daughters. 

Yet, judging from progress now being made it will be many years 
before any appreciable percentage of dairy calves are sired by 
proved bulls. In any event a great number of unproven young 
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bulls must always continue to be used. Any proven bull was 
once an untried youngster and some breeder had to take a chance 
in proving him. It is a tragedy to the industry that so many of 
these good young prospective herd improvers are failures when 
proven. It is a challenge to constructive breeders and students 
of breeding to uncover additional facts and supply more informa- 
tion to dairymen that will materially assist them in selecting 
untried bull calves, calves that will in the majority of cases prove 
out successful. 

A study of the influence or contribution of the dam involves a 
number of questions. The first of these is, just what is the im- 
portance of a production record of acow? Has it any value from 
a breeding standpoint other than only indicating the transmitting 
ability of the cow’s sire? When selecting an unproven sire, it is 
still the almost universal practice to give a great deal of considera- 
tion to the production record of the dam. Bull calves from dams 
with records over 1,000 pounds of butterfat are invariably in 
demand. This is because of the hope that the damwill transmit a 
measure of her own high producing ability to her son and through 
him to her granddaughters. Does this theory work out in actual 
breeding practice or is the percentage of failures so great as to 
render it of doubtful value? McDowell’s and Parker’s tabulations 
(1) show that as the production of the dams advances, the produc- 
tion of the daughters gradually climbs, but more slowly. This 
would indicate that there is at least a slight degree of relationship 
between the record of the cow and the records of her progeny. If 
it is true that the production record of a cow furnishes a fairly 
reliable measure of her transmitting ability, can it be assumed 
from this that there is a lack of dominance and that duplicate 
genes have a cumulative effect in inheritance of milk and butterfat 
production. 

The theory has also been advanced that some of the hereditary 
factors governing milk and butterfat production are sex-linked 
and that possibly the dam should be given more consideration in 
the selection of a future herd sire. These and a host of other 
questions are involved in attempting to formulate any opinions on 
the ultimate value of a cow’s record in the serious business of con- 
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structive cattle breeding. In view of the vital importance of the 
subject of increasing production it is the object of this study to 
present further data on the contribution of the dam and to deter- 
mine if possible what conclusions might be drawn as to the rela- 
tionship between her own producing ability and the producing 
ability of her daughters and granddaughters. 


METHODS AND DATA 


The materials used in this investigation were the records in the 
Register of Merit Department of the American Jersey Cattle Club. 
Since the establishment of test work nearly thirty years ago, over 
forty thousand long-time production records have been completed 
by Jersey Cows. The data on each of these records are still 
available in the files of the Register of Merit Department. In 
checking through these files it was found that to June 1, 1930, 
there were 694 cows that had production records themselves and 
also had at least one tested daughter and one Register of Merit 
son. (A son to be in the Register of Merit must have at least 
three tested daughters from different dams.) The highest records 
of each of these cows were converted to a mature 365 day basis. 
In doing this the records were first computed to a 365 day basis 
using the factor of 1.15 previously worked out in the Register of 
Merit Department (2). The records were then figured to a 
mature basis through the use of the age factors published by 
Fohrman (3). Likewise, the records of the daughters were con- 
verted to a uniform age basis. When the cow had two or more 
tested daughters, the records of the daughters were of course 
averaged. Similarly, the highest records of the sons’ daughters 
were computed to a mature 365 day basis and then averaged. 

When this preliminary work was completed, the records of the 
dams were compared with those of their daughters and with the 
records of their sons’ daughters. The relationship or correlation 
between the dams’ records and the sons’ daughters’ production 
will give an indication of the value of a production record in indi- 
cating or measuring the transmitting ability of the dam. The 
results of these comparisons are shown in tables 1 and 2 and 
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TABLE 1 


Frequency table comparing records of dams and daughters 


2 a | & DISTRIBUTION OF DAUGHTERS (POUNDS OF FAT) 
OF DAMS 2° ge 
lela 
pounds pounds | pounds 
Over 900 | 26 [959.86/678.00)1 |4 |1 |3 |6 |4 |2 4 
800-900 | 54 |844.63/683.152 |6 |6 |9 |11 |6 4 
750-800 | 39 |772.81/1600.020 |1 |5 |5 |7 |6 7 if 
700-750 | 55 |721.85)616.24100 | 3 |1 |2 |13 |15 
650-700 | 77 |671.63/596.23}11 |7 |3 | 4 110 |8 |7 |19 |12 |5 1 
600-650 | 77 |625.44/583.35)1 1/5 |4 |6 9 |8 |4 
550-600 | 69 |578.66/558.3411 |0 |6 |3 |3 |7 |11 | 14 |9 
500-550 | 93 |525.46/544.250 | 1 (15 | 20 | 15 | 6 
450-500 | 84 /479.10/516.140 |0 |1 |2 |5 |6 | 21 |19 13 |7 
400-450 | 73 |431.86/532.9810 | 1 ty 
Below 400) 47 |379.63|502.000 |0 |4 7113 |9 16 
Totals. . ./694 (603.30/572.97/6 (24 (27 |39 |79 (94 |127 |108 (70 (32 
Percentage distribution. . .|0.9| 3.5) 3.9] 5.6/12.7/11.4/13.5) 18.3] 15.6/10.1| 4.6 
TABLE 2 


Frequency table comparing records of dams and records of sons’ daughters 


DISTRIBUTION OF SONS’ DAUGHTERS (POUNDS OF FAT) 


aia 
Fat 
pounds pounds| pounds 
Over 900 | 26 poo. soles. se 00 /1 )5 jl 5 2 
800-900 | 54 |844.63/588.18}0 | 2 |4 |10 | 13 | 12 610 
750-800 | 39 |772.81/578.95}0 10 |1 |2 | 6 | 16 6 5 |0 /0 
700-750 | 55 |721.85)573.91;0 10 |2 |3 |7 |3 |17 | 18 8 |2 10 
650-700 | 77 |671.63/549.46,0 | 0 |0 | 4 |14 | 23 |16 | 4/0 
600-650 | 77 |625.44/535.98}0 0 |0 |0 | 4 | 19 | 19 |16 |8 |0 
550-600 | 69 [578.66/577.58}0 10 | 3 |5 |3 /11 | 18 | 16 | 11 |2 
500-550 | 93 | 1 |3 |3 |15 | 19 | 28 | 14 |8 |2 
450-500 | 84 10 |0 |3 |1 |9 | 12 | 24 | 27 |5 13 
400-450 | 73 |0 |0 |0 | 4 | 14 | 23 |25 |5 /2 
Below 400) 47 |379.63/488.62}010 |0 |0 | 4 2 |4 
Totals. .|694 |603.30/547.94; 0 (3 [10 |21 |35 |98 |150 |175 |149 |42 |11 
Percentage distribution... 0.4) 1.4) 3.0) 5.0)14.1 21.6) 25.2) 21.5] 6.1) 1.6 


| 


INHERITANCE OF MILK AND BUTTERFAT 383 


figure 1. These tables also show the distribution of the records 
of the daughters and the records of the sons’ daughters. 
Examination of these tables and the accompanying figure shows 
that as the dams’ records increase the production records of the 
daughters also increase and likewise the yield of the sons’ daugh- 
ters show some increase. However, the increase is much less 
relatively than that of the dams. The average production of all 
the mature (6 to 10 years) 365 day Register of Merit records that 
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Fig. 1. Comparison oF Recorps or Dams, Dams’ DauGHTERS AND Dams’ Sons’ 
DAUGHTERS 


have ever been completed is 547.52 pounds of fat. This is shown 
by the horizontal line in figure 1. It should be noted that the 
average production of all of the sons’ daughters is in almost exact 
agreement with the breed average. Comparing the records of the 
dams and daughters with the breed average it was found that for 
every pound the dams varied from the breed average the daugh- 
ters varied about 0.32 of a pound, that is, when the dams were 100 
pounds above the breed average, the daughters were approxi- 
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mately 32 pounds above the average. On a percentage basis the 
daughters showed 32 per cent as much variation from the breed 
average as did their dams. The frequency distribution of the 
records of the daughters and of the sons’ daughters is shown much 
more clearly in figure 2. 

It will be noted from the shape of the curve in the frequency 
polygon that the minimum entrance requirements for the Register 
of Merit exclude a significant number of the daughters and sons’ 
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Fig. 2. Frequency PotyGon Propuction Divisions or Dams’ Dauaa- 
TERS AND Dams’ Sons’ Dauautsers’ Recorps 


daughters. This undoubtedly effects the direction of the daugh- 
ters’ curve and the sons’ daughters’ curve in the graph where the 
dams are below 550 pounds of fat and of course effects the coeffi- 
cients of correlation between the production of the dams and the 
yield of their daughters and sons’ daughters. If all the daughters 
and sons’ daughters that failed to qualify were shown, the 
degree of correlation would be higher. Table 3 shows these con- 
stants for dams and daughters and dams and sons’ daughters. 
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From table 3 it will be seen that the coefficients of correlation 
between the dams and daughters and dams and sons’ daughters 
while not extremely high are nevertheless very significant. 
Gowen (4) working with Holsteins reported a slightly higher corre- 
lation, (0.497 +0.021) between dams and daughters and less 
correlation, (0.307 +0.047) between maternal grandams and 
granddaughters. There are several reasons why the correlation 
between the dams and daughters should vary from that of the 
dams and sons’ daughters. In fact, it is surprising that the 
variation is not greater than it is. One important reason is that 
the daughters of these cows were in the majority of cases tested in 
the same herds in which their dams were tested, while the daugh- 
ters of the sons are more likely to be tested in different herds and 


TABLE 3 
Physical constants for dams and daughters and dams and sons’ daughters 


603 .30+3.89)151 .88+2.75/2.52+0.046 


Daughters... .0278 


547 .94+2.21| 75.50+1.56)/1.380.029 0.34150 .026 


under different conditions. The daughters of the sons have only 
about 25 per cent of their inheritance that would come through the 
dams while 50 per cent of the daughters’ inheritance would come 
through the dams. Then too, these dams were probably rarely 
mated with sires possessing the same level of inheritance as they 
themselves had, consequently, even though the dams were 
homozygous, for their level of production the offspring are not 
likely to secure from their sires an inheritance for the same level 
of production as they do from their dams. In the case of the 
granddaughters this chance for an inheritance for a different level 
of production is introduced twice, not considering the possibility 
of the sons’ dams being heterozygous, but considering only the 
chance of inheritance of different levels of production being intro- 
duced through the sons’ sire and the sons’ daughters’ dams. 
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There is also a tendency for the better dams to be mated with 
better sires and the poorer dams with poorer sires. 

While the correlation between the dams’ records and the records 
of the daughters is undoubtedly somewhat higher than would be 
obtained were it possible to hold the influence of the sires fairly 
constant, on the other hand the elimination of low producing 
daughters through failure to meet the minimum entrance require- 
ments tends to lower the degree of correlation that was found. 


Pougds 
fot ds at. Ath 


£00 


700 


¢ Steed 7 prose > 


Fia. 3. Recorps or Sisters COMPARED WITH Recorps or THEIR BROTHERS’ 
DAUGHTERS 


The data do indicate that the dams had to rank close to 600 
pounds of butterfat in order to raise the production of their 
daughters above the mature breed average of 547 pounds while 
they had to average better than 700 pounds of butterfat in order 
for their sons’ daughters to exceed the average mature production 
of the breed. It is evident that a cow’s record is nearly twice as 
reliable a measure of the production of her own daughters as it is of 
her sons’ daughters. 

It was thought possible that a better index of the dam’s ability 
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to transmit production to her granddaughters through her sons 
would be the average production of all of her tested daughters. 
In other words, is it worth-while in selecting an unproven sire to 
give consideration to the records of his maternal sisters? In view 
of this a comparison was made between the records of the dams’ 
daughters and the dams’ sons’ daughters. While it was not 
determined for the entire number, cursory examination revealed 
that in approximately 50 per cent of the cases the tested sisters 
were by the same sire as the proven son, and in the other 50 per 
cent the sisters were by different sires. No attempt was made to 
segregate the half-sisters from the full-sisters. Figure 3 shows 
the results of this comparison between the records of the tested 
sisters and the records of their brothers’ progeny. The coefficient 
of correlation is shown in table 4. 


TABLE 4 
Physical constants for sisters’ records and records of brothers’ progeny 
CORRELATION 
| 
PROGENY 
Sisters’ records............ 572.9723 
Records of brothers’ prog- 0.36790 .025 


It is surprising that the correlation between the records of the 
dams’ daughters and the records of their sons’ daughters is but 
little higher than that between the dams’ own records and the 
records of their sons’ daughters. For explanation, however, it 
may be added that in 131 instances the son had three or more 
tested sisters, in 196 cases there were two tested sisters, and in the 
remaining 367 instances there was only one tested sister. David- 
son (5) concludes that it is necessary for a bull to have at least six 
unselected tested daughters in order to approximate his transmit- 
ting ability, more is very desirable. In view of this, it was not 
expected that the amount of correlation shown in table 4 would be 
very high. To date less than 300 Jersey cows are dams of four or 
more tested daughters and only 95 have five or more tested 
daughters. Nearly all of these dams are dead and hence an 
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attempt to measure the inheritance or transmitting ability of a 
cow through a progeny performance test holds little possibilities. 

Yet another indication of a cow’s transmitting ability may lie 
in the production of her own tested sisters. To study the reli- 
ability of this index the records of the dams’ paternal sisters were 
all converted to a mature 365 day basis. These records were then 
added to the dam’s own record and the average determined. A 
better explanation might be that the average production of the 
dams’ sires’ daughters was computed. In 152 instances the dam 
either had no tested sisters or only one tested sister. Only the 
remaining 542 cases where the dam had at least two tested sisters 
were used in this analysis. 


TABLE 5 
Physical constanis for dams’ sisters, daughters and sons’ daughters 


CORRELATION CORRELATION 


COEFFICIENT BETWEEN BETWEEN 

MEAN oF DAMS’ SISTERS DAMS’ SISTERS 
VARIATION | AND DAMS’ SONS’ AND DAMs’ 
DAUGHTERS DAUGHTERS 


Dams’ sisters. .|531.34+2.02| 60.89--1.43/1.15+0.027 
Dams’ daugh- 
576. 0.40460 .028 
Dams’ sons’ 
daughters. . .|549.30+2.66 80.36 1 . .46-+0.034/0. 344020 .029 


At first the individual dam’s record was compared with the 
average record of all of her sire’s daughters, (her own record in- 
cluded). The correlation coefficient was found to be 0.561 + 
0.022. The mean fat production of the dams was 603.30 +3.89 
while that of her sire’s daughters was 531.34 +2.02 showing a 
difference of 71.96. 

The average production records of the dams’ sires’ daughters 
were then compared both with the dams’ daughters and also with 
the dams’ sons’ daughters. The results of this comparison are 
given in figure 4 and table 5. 

In examining table 5, it is worth-while and significant to note how 
closely the coefficient of correlation between the dams’ sisters 
(their own records included) and the dams’ daughters compares 
with the correlation between the dams’ own record alone and the 
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records of her daughters. The same close degree of correlation 
also exists between the records of the dams’ sisters (their own 
records included) and the dams’ sons’ daughters and the corre- 
lation between the dams’ records alone and the records of the 
sons’ daughters. (Refer to tables 3 and 5.) This is not in exact 
agreement with Turner’s findings (6) in which he reports that the 
relationship between the dam’s sire’s daughters and the dam’s 
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Fic. 4. Comparison oF Recorps or Dams’ Sisters wiTtH Dams’ DAUGHTERS AND 
Dams’ Sons’ DavuGHTERS 


son’s daughters is much better than the relationship between the 
dam’s own record and the production of her son’s daughters. : 

In reviewing the foregoing tabulations it will be noted that in 
predicting the producing ability of a bull’s daughters the bull’s 
dam’s record, the records of a few maternal sisters, and the 
records of his dam’s sisters all rank about equal. This led to the 
thought that possibly by considering all three of these factors a 
more reliable indication of a bull’s probable transmitting ability 
might be obtained. To develop this possibility the average pro- 
duction of the dam’s daughters and the average yield of the dam’s 
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sire’s daughters were averaged with the dam’s own record. The 
average figure thus obtained was compared with the average 
records of the sons’ daughters. A total of 542 comparisons were 
made, the cases in which the dams had no tested sisters being 
excluded. The coefficient of correlation between the average 
figures obtained by the foregoing method and the sons’ daughters’ 
records was found to be 0.412 +0.027. This degree of correlation 
is considerably higher than any of the previous comparisons 
made with the bulls tested progeny. Figure 5, also siiows this 
graphically. This correlation emphasizes that consideration of 
not only the dam’s record but also the average yield of her sisters 
and the production of her daughters is very advisable in selecting 
an untried young bull. Of course, it has been shown (7) that 
equal or more attention should also be given to the sire but a dis- 
cussion of the sire’s contribution was not a part of this study. 
The results of this comparison suggested and prompted a similar 
comparison but omitting the dam’s own record. That is, the 
average production of the dam’s sire’s daughters was added to the 
average production of the dam’s daughters and the result divided 
by two. The average figure obtained was then compared with the 
sons’ daughters’ records, 542 comparisons being made. In this 
case the coefficient of correlation was 0.409 +0.028. This is 
nearly as good correlation as was secured when the dam’s record 
was included. Figure 6 indicates the relationship. 


SUMMARY 


The significance of these results to practical breeding may be 
summarized as follows: 

1. It is evident that there is some correlation between a cow’s 
producing ability and the producing ability of her daughters. 
Selection of females from high record dams should result in a herd 
that will produce in excess of the breed average. In general the 
daughters show about 32 per cent as much variation from the 
breed average as do the dams. 

2. There is a slight correlation between the dam’s record and 
the records of her sons’ daughters. However, it appears that 
very little progress can be hoped for if sires are selected solely 
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on the basis of their dam’s records. It is obvious that a produc- 
tion record considered by itself is a poor index for the germinal 
composition of the dam for the characters for production. The 
record of the dam is nearly twice as reliable a measure of the pro- 
duction of her own daughters as it is of her sons’ daughters. 

3. The records of only a very few tested maternal sisters does not 
alone furnish a reliable guide for predicting the transmitting 
ability of an untried bull. 

4. There is some correlation between the average production of 
the dam’s half-sisters by the same sire and the average production 
of the dam’s sons’ daughters. However, selecting a bull with but 
this in mind is not recommended from the results of this investi- 
gation. 

5. In choosing any untried young bull consideration should not 
be limited to the sire alone but the maternal ancestry is worthy of 
careful study. T'o0o much information cannot possibly be obtained. 
The results of the last phase of this investigation indicate that 
when an average is made of the dam’s record, the dam’s sisters’ 
records and the dam’s daughters’ records the average figure ob- 
tained in this manner provides a more accurate and reliable index 
as to a bull’s probable transmitting ability than does any one of 
these factors considered by itself. If the dam has no record the 
average of her maternal sisters’ records and of her daughters’ 
records gives just about as dependable results. 

6. In purchasing an untried young bull it is now generally 
recommended, in the light of present knowledge, that first of all 
he be sired by a proven bull, a bull whose daughters are uniformly 
high producers and superior to their dams. After this fact has 
been verified attention should then be given not only to the dam’s 
record but also to the records of her sisters and the records of her 
daughters. Selection of a bull by this method seems to provide 
the most possibilities for success. 
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UNIFORM RULES FOR THE HERD TEST* 


The American Dairy Science Association at its summer meeting 
ast June at Ames, Iowa, considered and adopted the recommen- 
dations of its Breeds Relation Committee regarding uniform herd 
test rules in connection with the new Herd Improvement Tests. 
The Uniform Herd Test Rules were developed by the special 
committee of the Official Testing Section after several special 
meetings had been held with representatives of the different 
breed associations. The purpose of the Uniform Herd Test 
Rules is stated as follows: 


1. To standardize and simplify the methods of obtaining and super- 
vising herd tests for economical production of dairy cows of all 
breeds. 

2. To encourage mass testing of dairy herds under herd conditions. 

3. To make the records more reliable and more easily comprehended 
and interpreted. 

4. To make possible recognition and greater use of worthy dairy 
herd sires through production records of all daughters. 


The following are the suggested rules: 

Entering herds on test. Any owner of registered cattle of a 
dairy breed may make application at any time to the National 
Breed Association concerned to enter his herd on test, using 
forms furnished by the breed association. All cows of milking 
age, both registered and grade, must be included in the herd test. 

Identification of cows on test. All cows on test must be identi- 
fied by tattoo number or by color sketches on broken-colored 
animals. The day, month, and year of birth must be reported 
on all registered animals, and on grades if possible; if not, ap- 
proximate dates for grades will be accepted. 

Conduct of test. The herd test may be started at the first of 
any calendar month. Twelve consecutive periods of twenty-four 
hours each, approximately one month apart, without preliminary 
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milking, or six consecutive periods of twenty-four hours each, 
approximately two months apart with preliminary milking, shall 
be required during the testing year, retests and surprise tests not 
included. The tester shall indicate on his report which system 
of testing was used. Parts of two consecutive lactation periods 
of any cow made within the testing year may be included in the 
yearly average. Credits for milk may begin with the fourth day 
after calving, but no butterfat test shall be made before the 
seventh day. The day on which the calf is dropped is counted 
as the first day. Single samples are to be taken, each sample to 
represent each milking of each cow during the twenty-four hours 
of the test period and each tested for butterfat content. 

Number of milkings. Cows may be milked not more than three 
times daily. Not more than two cows shall be milked at one 
time and the cows must be so placed that the supervisor can ob- 
serve the milking of the cows continuously. In no case shall more 
than 48 milkings be supervised in one day—24 cows if milked 
twice daily, or 16 cows if milked three times daily. The tester’s 
report must show the number of times each cow is milked during 
the testing period. 

Retests. Retests may be required when any herd averages 40 
pounds of butterfat per cow in thirty days, or when after the 
second month after calving any cow produces in excess of the 
following: 


Lbs. fatin 

one day 
Seas 
Senior 2-year old................- 1.9 


Whenever a herd, or individual cow, produces more than these 
minimum requirements, the tester must notify the state superin- 
tendent of testing immediately after the completion of the test. 
If one or more cows in the herd require a retest the state superin- 
tendent in charge may require that the entire herd or any portion 
thereof be retested. 
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Surprise tests. One or more surprise tests with preliminary dry 
milking may be made during the year. Surprise tests shall be 
made by a different supervisor than the one conducting the pre- 
vious month’s regular test on the herd. The expense of one 
surprise test, if made, and all retests shall be borne by the owner. 
Any additional surprise tests will be at the expense of the breed 
association. 

Feed cost and value of product. The owner shall coéperate 
with the tester by furnishing information regarding value of 
product, rations used, and local values or prices paid for feed. 
The tester shall ascertain the weight and record the amounts of 
all feed consumed by the individual cows, as well as the number of 
days on pasture. Monthly computations of feed, costs, and 
income shall be made by the tester and copied by him into a herd 
record book which shall remain in the possession of the farmer. 
A duplicate copy of this monthly record shall be furnished on 
demand to the breed association concerned. 

Computing yearly and monthly herd averages. In calculating 
herd averages the production of all registered first calf heifers 
that have been in milk ten or more months of the herd test year, 
and all registered cows that have ever freshened and that have 
been owned in the herd ten months or more of the herd test year, 
shall be included in the herd average. 

In reporting herd averages, a supplementary list shall be fur- 
nished showing all heifers and new cows in the herd less than ten 
months, together with their production. 

Dishonest or fraudulent practice. If the state superintendent of 
testing is satisfied that fraudulent or dishonest practices have 
been used in the making of herd test records of registered cows, he 
shall report same to the breed association which may reject or 
cancel such records. 

Matters not covered by rules. Details of supervision which these 
rules do not specifically cover shall be administered by the state 
superintendent of official testing. 

Revision of rules. Any revision of rules shall be made by a 
joint committee of the breed associations and American Dairy 
Science Association. The chairman of the Breeds Relation Com- 
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mittee of the Official Testing Section of the American Dairy 
Science Association shall be ex-officio chairman. 
E. L. ANTHONY, 
Chairman, Official 
Testing Section, 
J. B. Frren, 
Chairman, Breed’s 
Relation Committee. 
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THE CHURN AS A SOURCE OF MOLDS IN BUTTER* 


H. MACY, W. B. COMBS anv H. B. MORRISON, JR. 
Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


Unquestionably, the typical wooden churn found in our cream- 
eries today is the most highly contaminated and the most difficult 
to sterilize of any dairy equipment. Little has been done to 
determine the actual extent of infection, particularly by making 
studies of a dissected or dismantled churn to locate the out- 
standing areas of contamination or foci of infection, especially 
concerning molds. 

Gregory (1), Haglund and his co-workers (2), Macy and Combs 
(6), James (4), Paraschtschuk (7), Hood and White (3), Lund 
(5), and Stiritz (8), have indicted the churn as a prolific source 
of infection of butter. 

It was quite evident from a study of the literature that there 
was an opportunity to make a more intimate study of typical 
churns, in order to obtain a better idea as to the presence or 
absence of molds in various places in the churn itself. The 
following studies were undertaken with this objective in mind. 

Two churns were available for study. Both of them had been 
in regular use in commercial creameries for a period of years and 
were obtained at the time they were discarded. Churn A was 
a Giant Disbrow that had been used for about ten years in a 
creamery where, previous to its removal, there had been ex- 
perienced considerable difficulty with moldy butter and ex- 
cessively high mold and yeast counts. Churn B was a Master 
Dual that had been in daily use at the Minnesota State Experi- 
mental Creamery for a period of seven years, during which 
no particular difficulty with molds or yeasts had been encoun- 
tered. Churn A was obtained for study in July, 1928, and Churn 
B in July, 1930. 


* Published with the approval of the Director as Paper No. 984, Journal 
Series, Minnesota Agricultural Experiment Station. Received for publication 
March 4, 1931. 
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METHODS 


Churn A. After its arrival at University Farm, it was found 
that the inner surface showed numerous areas of visible mold of 
many types. In order to remove as much as possible, the inside 
of the churn was washed thoroughly and treated with boiling 
water and steam for several hours. The mechanical parts were 
then removed and the churn again washed inside and out with 
boiling water. Following this, the barrel was cross sectioned 
at each end by means of an ordinary hand saw. This made it 
possible to gain access to various parts of the churn with little 
difficulty. The various parts of the churn were then examined, 
dissected in a variety of ways, and samples taken from every 
conceivable place. Scrapings were made from all metal parts 
or exposed places such as bolt heads, sight glasses, ends of rollers 
or shafts, stuffing boxes, surface bruises, crevices behind station- 
ary parts, gates, etc. The staves were then carefully removed 
serially, at both ends and from the middle section. Similarly 
the parts of each drum were separated. By means of a chisel, 
which was sterilized in an open flame before each sample was 
taken, blocks of wood were removed from various places in solid 
wood areas and adjacent stave surfaces. In the latter case, 
samples of wood were removed to include each quarter inch from 
the inner churn surface toward the joint of the staves, which was 
approximately one inch from the surface. Altogether, 230 
representative samples were taken. The samples were placed 
in sterile 4-ounce, aluminum-capped glass jars. 

Churn B. Immediately after the last churning was made, 
this churn was washed and scalded by the routine method em- 
ployed by the creamery. Samples from various accessible places 
were taken immediately. The churn was then removed and the 
various mechanical parts dismantled as far as possible. The 
following morning samples were taken from various parts of the 
churn including scrapings from all surfaces, metal parts, roller 
ends, etc. The rollers and shelves were taken out promptly and 
appropriate samples taken. Portions of wood from shelves, 
drum, staves, etc., were then withdrawn with the greatest 
possible care by means of a flamed chisel. Especial effort was 
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made to obtain sections of wood at the surfaces of adjacent, 
representative staves completely around the barrel. Altogether, 
73 samples were taken. These were placed in sterile test tubes 
and stored in ice until ready for examination. 

In both studies, a sufficient quantity of sterile water was added 
to each jar or tube so that the sample was completely immersed. 
They were allowed to stand in this way overnight. Platings of 
1 cc. of the fluid were made and poured with acidulated whey 
agar in the usual manner. Incubation was for five days at room 
temperature. No attempt was made to get quantitative results. 
The mere presence of mold was to be the criterion. 


PRESENTATION OF DATA 


Churn A. Of the total of two hundred thirty samples taken, 
one hundred ninety-two carried molds. The wood at the joints 
between staves at various depths, up to 1 inch from the inner 
surface of the churn; wood from cracks in barrel, doors, workers, 
and shelves, whether at the surface or } inch below the surface; 
wood from the sides or ends of shelves; wooden shelf braces; 
wooden rolls or workers; scrapings from bolts; metal brackets, 
inner sides of castings over the ends of workers and in the sur- 
rounding or underlying wood, etc., were found to carry molds of 
one sort or another. The joints in the drums were not as heavily 
contaminated, this probably being due to the fact that the in- 
dividual pieces are held more firmly together. The fact that the 
mycelium of the mold apparently penetrates as far as an inch 
into the joints between staves is important since those areas 
present a vast total of possible infected foci. 

A representative collection of cultures was obtained from the 
plates prepared from the samples taken from Churn A. These 
cultures were identified generically as far as possible and were 
found to represent eighteen different genera, many of which 
have been reported as having been isolated from butter. The 
following genera were found: Aspergillus (9 cultures) ; Alternaria, 
Monilia, and Penicillium (7 cultures each); Mucor and Spor- 
otrichum (6 each); Hormodendrum (5); Acremoniella, Botrytis, 
Phoma, and Spicaria (3 each); Glioclardium, Oospora, and 
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Spondylocladium (2 each); and one each of Cephalosporium, 
Chaetomium, Sordaria, and Tilachlidium. Fourteen other cul- 
tures produced no fruiting bodies and were not identified. 

Churn B. Altogether, 73 samples were taken. Only 22 speci- 
mens showed any signs of being contaminated with molds and 
only 5 of these produced more than two mold colonies on plating. 
These latter included scrapings from débris behind one of the 
doors, wood from right upper cradle arm, scrapings from the outer 
side of the left sight glass, bolt in metal band of right drum, 
and housing of left end of upper roll shaft. The types of molds 
present were Mucor, Penicillium, Aspergillus, Alternaria, and 
Hromodendrum. Although one might expect to find consider- 
able numbers of Oospora lactis, it was strikingly scarce in Churn 
A and absent in samples from Churn B. 

While this report does not concern itself with yeasts or bacteria 
in the churn, it might be mentioned that the former were quite 
consistently present in the great majority of cases and the latter 
always, sometimes in large numbers. 


DISCUSSION 


The results presented here demonstrate that a churn that is in 
bad condition may harbor considerable numbers and varieties 
of molds that may prove detrimental to the market quality of 
butter made in it, if such molds are able to develop. On the con- 
trary, if the churn is kept in good condition by daily use and 
thorough treatment, it need not constitute a very serious menace. 
Nevertheless, new churns are not always free from mold, as 
shown by an examination of a churn recently purchased by the 
University. The types of molds found in the churns were those 
which often are responsible for the typical moldy butter where 
discolored areas mar the appearance and market value of the 
product. The comparative absence of Oospora lactis, which is 
the typical form encountered on plates prepared for routine mold 
counts leads one to believe that this mold is indicative of the 
presence of remnants of cream, butter, or buttermilk in the 
churn, which in turn means that the churn has not been thor- 
oughly cleaned or has not been in daily use. 
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The presence of mold in joints between staves at depths of ? 
to 1 inch from the inner surface of the churn is quite significant 
since it demonstrates that the mycelium must continue its foot- 
hold in such remote places and when conditions are favorable, 
extend hyphae toward the surface for fructification to take place. 
Consequently, when a churn is allowed to remain idle and es- 
pecially to dry out so that the staves shrink and the creavices 
open, the opportunity is presented for this situation to arise. 
Under ordinary conditions, the bands placed upon the barrel of 
the churn hold the staves tightly together, but long-continued 
use of the churn may lead to considerable loosening and sub- 
sequent establishment of infected foci. 

The crevices between the boards in the end of the churn do not 
appear to be as highly contaminated as other parts of the churn. 
This may be due to the fact that the boards are held more tightly 
in place so that less space is left for the introduction of infection. 

The excessive strain which is placed upon the churn during the 
butter working process undoubtedly results in the dislodgment 
of contaminated material from various areas involved with the 
moving parts, such as rollers, and particularly about the packing 
and bolts. It has been common experience to find that the con- 
tamination of butter is greater during the working period than 
it had been while the rollers were idle. 

The reason that species of molds other than Oospora lactis 
seldom appear in considerable numbers on plates made for mold 
and yeast counts is undoubtedly due to the high dilution on the 
cream and its fractions, butter-buttermilk. The very nature of 
the scattered discolored areas indicative of moldiness of butter 
is another demonstration of this fact. 

The evidence presented in this paper makes it clear that a 
churn may be an important source of mold in butter and should 
receive careful attention by the buttermaker in his methods of 
sanitation to reduce the contamination from this particular piece 
of equipment. 


SUMMARY 


1. Two churns from commercial creameries were studied to 
determine the presence of mold. 
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2. Molds of several types were found in various places in both 


churns, especially in Churn A, which had been known to be giving 
trouble. 


3. The genera of molds present in the churns are listed. 


4. It is shown that the churn may be an important source of 
mold in butter. 
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PRELIMINARY STUDIES OF CHURN SANITATION* 


H. B. MORRISON JR., H. MACY anv W. B. COMBS 
Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


It has been demonstrated clearly that the churn is an important 
source of contamination of butter. Once the various parts of the 
churn become infected, it is an extremely difficult task to elimi- 
nate the contamination or even to control the situation satis- 
factorily. The problem of churn sanitation has been before the 
industry for many years, and no universally acceptable method 
for controlling this difficulty has been suggested. The studies 
here reported were undertaken to serve as a basis for further 
investigations with the objective of finding the most desirable 
and most satisfactory method of treating churns to remove or 
control the infected areas. 

Previous studies of churn sanitation have shown that no par- 
ticular method has proven to be most satisfactory. Gregory (2), 
Lund (6) (7), Shutt (8), Hood and White (4), Haglund, Barthel, 
and Waller (3), James (5) and workers at the Indiana Station 
(1), have studied the problem in various ways and have demon- 
strated that the sanitation of the churn is exceedingly important 
and likewise difficult to accomplish. 


METHODS 


In the experiments here reported, preliminary studies were 
made of various methods of treatment. A No. 2, Dairy Disbrow 
churn, with a capacity of 90 gallons of cream, which had been idle 
for some time, was selected for use. There was visible mold 
growth at various places on the inner surfaces. In addition, 
broth cultures of Alternaria humicola, Aspergillus niger, Aspergillus 


* Received for publication March 4, 1931. 

The data upon which this paper is based were taken from a thesis presented by 
H. B. Morrison, Jr., in partial fulfillment of the requirements for the degree of 
M. 8., University of Minnesota. Published with the approval of the Director 
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flavus, Hormodendrum clasdosporioides, Oospora lactis, Penicillium 
biforme, Penicillium expansum, Mucor sylvaticus, and Rhizopus 
nigricans were introduced into the churn and allowed to grow 
several days before treatments began. It was desired to con- 
taminate the churn excessively and to permit the molds to spread 
as extensively as possible so that extreme conditions would prevail. 
Thereafter, treatments with hot water, steam, hypochlorites, and 
chloramines were carried out. These methods will be discussed 
more in detail under separate headings later. In general, before 
each treatment, the churn was rinsed with three gallons of tap 
water. Following this rinse, the hot water or chemical solution 
was placed in the churn. When steam was used, the hose was 
placed in the churn, the door laid across the hose, and high pres- 
sure steam allowed to pass directly into the churn. Following the 
various treatments, a gallon of autoclaved skimmilk was used to 
rinse the churn. This material provided a good medium for the 
growth of any surviving organisms and in the instances where 
chemicals were used, it provided for the absorption of excess 
chlorine, thus eliminating any residual effect of the chlorine on 
the plates prepared from the samples. 

Representative samples for plating were taken of the rinse 
water from the churn before the treatment and of the skimmilk 
rinse after the churn had been treated. Check samples were also 
taken regularly of the water, chemical solutions, and autoclaved 
skimmilk. In a few cases the water and chemical solutions were 
not absolutely sterile, but not sufficiently contaminated to vitiate 
results. 

The samples were plated directly using whey agar as the culture 
medium. The medium for the mold plates was acidulated in 
the usual manner with tartaric acid. The plates were incubated 
for five days at room temperature. 

The results were not recorded quantitatively, but qualitatively, 
to give a relative idea of the amount of infection. The symbols 
used in recording the results were as follows: (—) no growth; (+) 
a few colonies; (++) many colonies; and (+++) very many 
colonies. 
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PRESENTATION OF DATA——PRELIMINARY HEAT PENETRATION 
STUDIES 


Inasmuch as hot water has been commonly used for churn 
treatment, it was considered desirable to make a preliminary 
investigation of the penetration of heat into wood from a churn. 

In the first study, adjacent holes were bored in a representative 
stave (2 inches thick) of a standard churn, one clear through the 
stave so that the thermometer bulb was immersed in the water 
inside the churn, a second to within } inch from the surface in 


TABLE 1 
Rate of heat penetration of churn wood 
TEMPERATURE OF WOOD AT VARIOUS DEPTHS 
oF exposuns | T*MPERATORE OF 

inch inch 1} inch 

minutes *C. °C. °C. 
Start 71.2 25.9 25.9 25.6 
10 96.8 47.4 30.8 26.4 
20 96.8 62.2 41.7 31.3 
30 97.6 69.8 50.6 37.9 
40 97.2 74.8 57.6 44.7 
50 97.5 77.4 62.9 50.3 
60 97.5 80.1 66.8 54.5 
70 97.3 81.6 69.8 57.8 
80 97.1 82.6 71.9 60.3 
90 97.4 83.6 73.7 62.3 
100 97.3 84.3 75.0 63.8 
110 97.5 84.4 75.8 64.8 
120 97.7 85.2 76.4 65.7 


contact with the water, and a third to within 1 inch from that 
surface. The churn was filled with water at 80°C. and kept at 
that temperature for two hours. At the end of this period, the 
temperature recorded at a depth of } inch was 63°C., while that 
at 1 inch was only 53°C. 

These results led to a further study in which a portion of a stave 
from the same churn and about 6 inches long and 2 inches thick 
was imbedded in plaster of paris in such a way that only one 
surface (the typical inner surface, as in the churn) was exposed 
to the water in the water bath. Holes were bored in the stave 
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parallel to the exposed face and at distances of }, j, and 13 inch 
from the surface in contact with the water. A few drops of mercury 
were placed in each hole to insure good contact with the bulbs of 
thermometers inserted in these holes. Hot water was placed in the 
water bath and brought to the boiling point as quickly as possible 
by means of a Bunsen burner placed beneath it. The tempera- 
ture of the water and wood at the various depths was recorded 
every five minutes during a period of two hours. Three trials 
were made. These checked very closely and the results presented 
in table 1 are averages of the three trials. 

As one might expect, there was a lag phase, at the beginning of 
the exposure, which was more pronounced as the distance from 
the point of contact increased. In all cases at least 75 per cent 
of the rise in temperature took place during the first hour. After 
that, the rise was comparatively slow, and finally the increase 
was very slight during succeeding intervals. As noted, it required 
twenty minutes to bring the wood at a depth of } inch to the 
temperature of pasteurization, fifty minutes at } inch, and an 
hour and a half at a depth of 13 inch, which represents the point 
at which the staves are jointed. As shown in a previous paper 
by the authors, since the crevices between churn staves are some- 
times infected with mold as far from the surface as these joints, it 
is obvious that it would be necessary to expose the churn to 
excessively long treatments with hot water in order to be sure 
that the molds at such a depth were destroyed. 


CHURN TREATMENT STUDIES 


a. Treatments with hot water 


In the majority of creameries, hot water is, usually, directly 
available or easily prepared by heating water with steam, and 
has been most generally used for churn treatment. In the trials 
reported, the test churn was subjected to several rinsings such as 
it might receive in an ordinary creamery. Thereafter the treat- 
ments were applied. 

Trial 1. In this, as in subsequent trials, the churn was re- 
volved during the exposure, for various periods of time. As will 
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be noted in table 2, the water rinse of the churn previous to 
exposure to the hot water indicated that the churn was highly 
contaminated with molds and bacteria. The rinse, obtained 
after treatment by using sterile skimmilk while the churn was 
being run for several revolutions, showed that the treatment 
with water at a temperature ranging from 78.5° to 88°C. was 
not sufficient to destroy the microérganisms present. 

Trials 2, 3,4, and 5. The amount of water and the periods of 
exposure were increased in these cases. Otherwise, the same 
methods used in Trial 1 were repeated. The results obtained were 
identical, as indicated by the data in table 2. 


TABLE 2 
Churn treated with hot water 
TRIAL | TRIAL | TRIAL | TRIAL | TRIAL | TRIAL 
2 3 4 5 6 

Amount of water in churn (gallons)....| 15 30 30 30 30 30 
Temperature of water at start (°C.)...| 88 88 85 87 88 96 
Temperature of water at finish (°C.) ...| 78.5 | 80.7 | 77.1 | 77.8 | 73.9 | 87.0 
Period of exposure (minutes)........... 5 10 20 30 60 30 
Churn rinse before treatment (water): 

Churn rinse after treatment (skim milk): 


Trial 6. In this case, the temperature of the water at the 
beginning of the period of exposure was brought to 96°C. by intro- 
ducing steam into the water and bringing the temperature to the 
desired point before beginning the thirty minute exposure. The 
effectiveness of this higher temperature is evidenced by the suc- 
cessful results reported in table 2. 

Trials 7, 8, and 9. In order to place the method of treatment 
on a more practical basis, it was decided to continue the hot 
water treatment on successive days rather than to permit an 
interval to elapse between exposures during which the molds 
might develop fruiting bodies. Table 3 gives the data obtained 
in these trials. The churn in this case was filled with water 
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which was kept practically at the boiling point during the treat- 
ment by means of the introduction of steam at frequent intervals. 
At the beginning of the trial, the churn was visibly contaminated 
with mold. The observation on the third day indicated that no 
conidia were present. The bacteria were in this case somewhat 
reduced as well. This trial indicated clearly the advantage of 
regular, daily treatment of the churn. 

In order to determine whether or not the improvement was 
permanent, the churn was allowed to stand idle for four days 
following these successive treatments, It was rinsed each day 
with enough cold water to submerge the rollers. After revolving 


TABLE 3 
Churn treated with hot water on successive days 
TRIAL 7 TRIAL 8 TRIAL 9 

Amount of water in churn (gallons)..... 90 90 90 
ee Full Full Full 
Temperature of water (°C.)............. 97.7 97.2 97.7 
Period of exposure (minutes)............ 180 180 180 
Churn rinse before treatment (water): 

Churn rinse after treatment (skim milk): 

* Samples lost. 


the churn for several minutes, samples of the rinse water were 
taken, and the remainder was discarded. It was found that on 
each succeeding day the evidences of reéstablishment of mold and 
bacterial growth were more noticeable. Apparently, the mycelia 
of the molds had not been destroyed by the hot water. The 
fruiting bodies and free conidia on the surface of the wood were 
the structures which suffered from the exposure. 


b. Treatments with steam 


Trial 10. After the churn was given the usual preliminary 
rinsing with cold water, the steam hose was introduced through 
the door opening. The door was then closed over it. The steam 
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was allowed to flow into the churn slowly for a period of three 
hours. The results given in table 4 clearly show that the treat- 
ment was quite successful against the molds. Again, the effect 
was not permanent, as rinsings taken from the churn four days 
afterward contained large numbers of molds. 

Trials 11, 12, and 13. The same method of steam treatment 
was applied on three successive days with results as indicated in 


TABLE 4 
Churn treated with steam 
TRIAL 10 
Temperature of steam in churn (°C.)................-.2.00005- 97.7 
Churn rinse before treatment (water): 
Churn rinse after treatment (skim milk): 
TABLE 5 
Churn treated with steam on successive days 
TRIAL 11 TRIAL 12 TRIAL 13 
Temperature of steam in churn (°C.).... 97.7 97.7 97.7 
Period of exposure (minutes)............ 180 180 180 
Churn rinse before treatment (water): 
+++ +++ +++ 
Churn rinse after treatment (skim milk): 


table 5. As before, the advantage of regular, daily treatment is 
brought out clearly in this experience. The control of surface 
growth is very definitely the outcome of an uninterrupted routine 
of churn treatment. 

Following the successive treatments with steam, the churn 
was again allowed to remain idle and untreated for several days. 
Observations made daily thereafter showed that the molds quite 
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soon began normal fructification and the inner churn surface in a 
short time was spotted with visible areas of mold. 


c. Treatments with sodium hypochlorite solutions 


Since the use of various chlorine-containing preparations has 
been quite widely advocated, particularly by commercial concerns, 
experiments with representative types of these compounds were 
undertaken. 

Trial 14. In the first trial, a solution of sodium hypochlorite 
containing 54 p.p.m. of available chlorine was used. During the 
period of exposure, the available chlorine dropped to 35 p.p.m. 


TABLE 6 
Churn treated with sodium hypochlorite solutions 


TRIAL 14 | TRIAL 15 | TRIAL 16 | TRIAL 17 

Amount of solution (gallons)............... 30 90 30 90 
Available chlorine in solutionatstart(p.p.m.).; 54 35 200 265 
Temperature of solution (°C.).............. 15.6 10.0 15.6 10 
Period of exposure (hours).................. 4 18 3 18 
Churn rinse before treatment (water): 

Churn rinse after treatment (skim milk): 

Molds........... ++ | +++] | +4+4+ 


The results given in table 6 show that the solution had no noticea- 
ble effect upon the molds or bacteria. 

Trial 15. Using the same methods, but with a larger amount 
of solution, somewhat lower in available chlorine, and over a 
longer period of time, the results obtained were negative as shown 
in table 6. 

Trials 16 and 17. Inasmuch as solutions with the concentra- 
tion of available chlorine commonly recommended did not give 
successful results, much stronger solutions were used. The re- 
sults were negative. 

d. Treatments with solutions of alkaline, crystalline hypochlorite 

Trials 18,19, 20,and 21. A type of hypochlorite in crystalline 
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form in combination with tri-sodium phosphate was used in solu- 
tions of various strengths. Concentrations considered as ordi- 
nary and high were used during long and short exposures. The 
results given in table 7 indicate definitely that the solutions were 


TABLE 7 
Churn treated with solutions of alkaline, crystalline hypochlorite 
TRIAL 18 | TRIAL 19 | TRraL 20 21 
Amount of solution (gallons). .............. 60 90 60 90 
Available chlorineinsolutionatstart(p.p.m.).| 62 53 283 274 
Temperature of solution (°C.)..............| 10 13.3 15.6 12.2 
Period of exposure (hours)................. 2 18 2 18 
Churn rinse before treatment (water): 
Churn rinse after treatment (skim milk): 
TABLE 8 


Churn treated with chloramine-T solutions 


TRIAL 22 | TRIAL 23 | TRIAL 24 | TRIAL 25 

Amount of solution (gallons)............... 30 50 90 90 
Available chlorine in solution at start (p.p.m.).| 53 46 300+ 350 
Temperature of solution (°C.).............. 51.6 51.6 48.8 48.8 
Period of exposure (hours).................. 2 18 2 18 
Churn rinse before treatment (water): 

| +++ | +++ | 
Churn rinse after treatment (skim milk): 


not effective in destroying the surface molds in the churn. As in 
the case of ordinary sodium hypochlorite solutions, there was a 
noticeable decrease in available chlorine during the time the 
solutions were in the churn. 
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e. Treatments with chloramine-T solutions 


Trials 22, 23, 24, and 25. A more stable chlorine-bearing 
compound, a chloramine-T was employed, in these trials in solu- 
tions of various concentrations and for different periods of time. 
None of these trials gave satisfactory results as will be noted in 
table 8, although there was a very slight improvement in the 
conditions in the churn in Trial 23. The strength of the solution 
diminished during the longer periods of exposures. Altogether, 
the chloramine solutions used were ineffective. 


DISCUSSION 


It has been established beyond all doubt that churns do become 
infected with various microérganisms. The problem then re- 
solves itself into a search for the most effective methods for 
reducing this infection to a minimum. 

The results presented in the preceding pages indicate very 
definitely that of the methods used, sufficient exposures to water 
at sufficiently high temperatures and freely flowing steam were 
the most satisfactory. 

In the preliminary studies on the heat penetration of wood, it 
was evident that it required considerable time for the temperature 
of the wood to be raised to a point sufficiently high to be effective 
in destroying even vegetative forms of microérganisms. Since 
the infected areas may be at some distance from the inner surface 
of the churn, it is obvious that this factor must be taken into 
account if all infection is to be overcome. Under practical 
creamery conditions, it might be considered too costly and too 
laborious a task to use sufficiently large quantities of hot water. 
Such extreme exposures might have an undesirable effect upon 
the churn itself. A possible modification of prolonged treatment 
is suggested as the result of the trials. Where moderate quanti- 
ties of water, sufficient to cover the rolls, are used at high tem- 
peratures and for reasonable periods of time, comparatively 
satisfactory results are obtained if such treatment is repeated 
daily without interruption. Under these conditions, the surface 
of the wood at least is kept in a good sanitary condition, and 
fructification from concealed mycelia of molds especially is 
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inhibited. With the churn in daily use and with the wood 
thoroughly swollen so that the normal expansion tends to keep 
the crevices between staves, etc., more nearly closed, the daily 
treatment with hot water gives reasonably satisfactory results. 
This daily treatment cannot be over-emphasized. 

In the case of steam, satisfactory results were obtained, espe- 
cially when the treatment was applied without fail each day. 
With steam, however, the effects upon the churn, especially the 
blistering of the paint, may be sufficient to discourage its use. 

The use of chlorine-bearing solutions gave negative results con- 
sistently. Even with high concentrations of available chlorine, 
the effect upon the microflora of the churn was scarcely noticeable. 
In the experimental churn used in these tests, conditions under 
which chlorine compounds had to work were not nearly as bad 
as they usually are in regularly used commercial churns, where 
the presence of a film of butter fat makes it more difficult for the 
solution to reach the microérganisms. Based upon the results 
obtained in these studies, solutions of sodium hypochlorites, 
crystalline alkaline hypochlorites, or chloramines could not be 
recommended. In the case of the alkaline washing solutions in 
general, there is an undesirable effect upon the wood which 
discourages their use. With these alkaline solutions there 
appears to be a softening of the wood surface which leads to 
difficulty. 

The fact that treated churns when allowed to stand idle for 
several days become a serious source of infection for cream must 
not be overlooked. Regardless of the apparent effectiveness of 
any method of treatment as measured by the examination of 
skimmilk used as a rinse immediately after treatment, the organ- 
isms were not completely eliminated, as studies made several 
days later showed the churn to be very much infected. Treatment 
merely improved the conditions but did not remove the cause. 

The molds were more readily destroyed than the bacteria. In 
fact, in no instance were the bacteria eliminated. Apparently, 
heat- and chlorine-resistant forms established themselves in the 
churn and resisted all efforts to overcome them. Hot water and 
steam were most effective against them. 

In general, the results obtained in these preliminary studies 


4 
| 
| 
| 

| 

| 
t 
i . 

q 

| 

| 

| 

| 

1 | 


PRELIMINARY STUDIES OF CHURN SANITATION 415 


with a highly infected churn demonstrate that the most satisfactory 
method of treatment used was water at a high temperature for 
a sufficient period of time and repeated daily without interrup- 
tion. Further investigations are to be made using other methods 
and expanding the work to include trials on churns in daily use 
in commercial creameries. 


SUMMARY 


1. Various methods for treating a churn to rid it from micro- 
organisms were investigated. 

2. When the churn was partially filled with water at 96°C. 
and revolved for one-half hour, the surface molds were destroyed. 

3. The hot water treatment was most effective when carried 
out daily. 

4. Failure to treat the churn daily resulted in the reappearance 
of mold on the inner surface of the churn. 

5. The use of steam for sufficient periods of time was effective 
against the molds but caused the paint on the churn to blister 
badly. 

6. Solutions of sodium hypochlorite, alkaline crystalline hypo- 
chlorite, and chloramine-T were ineffective. 

7. None of the treatments was especially effective against 
bacteria. 
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THE SOLUBILITY OF METALS IN MILK 


I. THE SOLUBILITY OF COPPER UNDER VARIOUS CONDITIONS* 
H. T. GEBHARDT anv H. H. SOMMER 


The harmful effect of dissolved copper in dairy products on 
their flavor and keeping quality is now quite generally recognized. 
Experimental results and practical experience have demonstrated 
that dissolved copper is capable of producing a “cardboard’’ or 
“eappy”’ flavor in fresh milk and cream, and that dissolved copper 
is an important factor in the development of tallowy and, in 
some cases, fishy flavors in such products as butter, condensed 
milk, frozen cream, and whole milk powder. The solubility of 
copper in dairy products under various conditions is therefore of 
direct practical importance. 

Equipment constructed of copper, copper alloys and tinned 
copper is in extensive use in the dairy industry. This is true 
because of installations that were made before the deleterious 
effect of copper was recognized as it is at present, and because of 
new installations in which such metals are used on account of 
relative cheapness, mechanical advantages in the working of the 
metals and high heat conductivity. Such use of copper equip- 
ment may not be disastrous in all cases because the rate of copper 
solution is variable. Accurate information is therefore desir- 
able concerning the factors that affect the rate of copper solution 
so that the conditions may be recognized under which copper 
equipment may or may not be used. 


DISCUSSION OF PREVIOUS WORK 


The solubility of copper in milk has been studied by various 
investigators (1, 5, 6, 7, 8, ,9, 11, 12). These studies have re- 
vealed many data and interesting facts on copper solubility in 


* The work was supported in part by a grant from the Special Research Fund 
of the University of Wisconsin. 
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milk, but unfortunately the value of this information is greatly 
reduced (a) the data of the various investigators are not compar- 
able, and (b) their experimental methods are more or less open to 
criticism. 

The most comprehensive studies have been carried out by 
Rice and Miseall (12), and later by Quam et al. (11) and by Mis- 
call et al. (7). However, the data on the amounts of copper dis- 
solving in milk under certain conditions do not agree or are not 
comparable. Quam et al., reported the temperature of maximum 
solubility of copper in milk as 85°C. in 1928 (11), and as 90°C. 
in 1929 (9), while Miscall et al. (7) reported it as 66°C. in raw milk 
60°C. in pasteurized milk. Quam et al. exposed the copper to 
the milk for thirty minutes, and Miscall et al., for one-hundred 
and twenty minutes. Quam attributed the lower temperature 
of maximum solubility as reported by Miscall et al., to chemical 
changes that occur in the milk during the longer exposure. 

The method used by Rice and Miscall (12) and by Miscall et 
al. (7) for exposing the copper to milk was to place 14 twisted 
strips of copper, 1 by 5 inches, into 2 liters of milk in a 5-liter flask, 
for two hours without agitation. It is known that the relative 
velocity of the liquid to the metal is an important factor in metal 
corrosion; Frazer et al. (3) found that the rate of corrosion in- 
creases with the velocity and approaches constancy when a 
velocity of 200 feet per minute is attained. In view of this, the 
lack of mechanical agitation in the above investigations must be 
considered a serious fault. The only agitation was that result- 
ing from convection currents, and as such must have varied with 
the temperature and other conditions. These considerations 
limit the value of the investigations cited above, and the data 
obtained are comparable only with data obtained by a similar 
procedure. 

The method used by Quam et al. (11) for exposing the copper to 
milk, provided an alternating flow of the milk over the crimped 
metal test pieces. A higher relative velocity of liquid to metal 
might have been desirable; but the main criticism of this pro- 
cedure is that the aeration of the exposed film of milk (a) affected 
the gaseous content so that the results cannot be considered 
comparable to submerged corrosion tests, and (b) provided op- 


| 

4 
| 
| 
| 
4 
| 
| @ 

| | 


418 H. T. GEBHARDT AND H. H. SOMMER 


portunity for evaporation so that the temperature of the exposed 
film was undoubtedly lowered, especially in the tests conducted 
at higher temperatures. These criticisms are especially appli- 
cable in view of the corrosion factors as enumerated by Frazer et 
al. (3), which emphasize that in corrosion tests the important fac- 
tors are the composition of the liquid including dissolved gases, the 
relative velocity of the liquid to the metal, and the temperature. 

Rice and Miscall (12) have reported that previously boiled 
milk dissolves less copper than raw milk, while Miscall et al. (7) 
have reported that pasteurized milk dissolves more copper than 
raw milk. No explanation is offered by the above investigators 
for these phenomena, but the suggestion is made that these are 
probably related to chemical changes produced in the milk by 
the heating. 

These phenomena are undoubtedly related to the reduced 
solubility of copper in milk at temperatures beyond that of 
maximum solubility. Quam (9), citing Speller (13), suggested 
that the break in the temperature-solubility curve of copper in 
milk is due to the decreased solubility of oxygen in milk at higher 
temperatures. This suggested explanation can hardly be ade- 
quate, because there is no such break in the solubility curve of 
oxygen in water as given by Speller (13). 


PURPOSE OF THE PRESENT STUDY 


The present experimental work was undertaken (a) to review 
the findings of previous investigators, (b) to accumulate addi- 
tional data on the solubility of copper in milk under various con- 
ditions, (c) to seek the causes of the reduced solubility of copper 
in milk at temperatures above the point of maximum solubility, 
and the changed solubility in preheated milk, and (d) to gain a 
better theoretical understanding of the processes involved in the 
solution of copper in milk. 


EXPERIMENTAL METHOD USED 


a. Apparatus and methods for corrosion tests 


The method for exposing the copper to the milk was designed 
to give staisfactory control of (a) the composition of the milk, 
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(especially gaseous content), (b) the relative velocity of the test 
pieces to the milk, and (c) the temperature of the milk. This in- 
cludes all the fundamental factors which are known to determine 
the usefulness of laboratory corrosion tests (Frazer et al. (3). 

The metal test pieces were either thin sheets of copper 1 by 2 
inches (these were used in all of the first experiments) of 25.8 
cm.” surface, or else, samples of commercial sheet copper 1 by 3 
inches, s‘: inch thick, of 39.66 cm.? total surface. 

These test pieces were exposed to 500 cc. milk,' contained in 
1 quart milk bottles 7. (See diagram, fig. 1.) A stirring de- 
vice passing through rubber stopper 2 entered the neck of the 
bottle. The stirring device consisted of supporting arm 3; bear- 
ing 4, shaft 5, chuck 6, collars 7, fly wheel 8, and attachment 9, 
of the flexible cable 1/0 to the shaft. A glass stirring rod /1, was 
held firmly by chuck 6; the glass rod 11 was provided with small 
side-arms of glass (upper arms /2), and over the lower end of 
the rod fitted the glass tube 13 which was also provided with 
side-arms of glass (lower arms 14). This lower tube was held in 
position by the upward pull of the rubber bands 15, suspended 
from the hooks 1/6 on the chuck. The metal test pieces 17 were 
held in small grooves of the side arms between the upper and 
lower side arms by the tension of the rubber bands 16. Cup 18 
was provided to collect any condensate water flowing down from 
the upper metal parts of the bearing and the chuck. Through 
glass tubes 19, gases of the desired nature could be passed through 
the milk. There was a hole in the side of the bottle to permit the 
entrance of the thermometer 20, an electrode 21, and a salt bridge 
22 (saturated KCl agar) through the stopper 23. 

The closure at 2 was airtight and did not permit any exchange 
of gases because the bearing was 3 inches long, closely fitting, 
and was kept well oiled. 

Four bottles of this type were prepared. All four stirring shafts 
were driven through flexible steel shafts by an electric motor. 
The speed of the motor was reduced, and the drive thus obtained 
was at the rate of 210 r.p.m. for all four shafts. 


1 In certain cases 530 cc. milk was used. 
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These bottles were placed either in separate water-baths or 
else, as in the later experiments, all were placed in the same water- 
bath. The water-baths were heated with gas, with the heating 
flame regulated by means of a toluol—mercury thermo-regulator, 
which kept the temperature constant within 1°. Deviations 
from this rule will be reported in connection with the presentation 
of the experimental results. 

In the experiments where the thin copper sheets were used, 
these were fastened by pinching them between a 2 mm. glass 
rod and the stirring rod, which were held together by the tension 
of small rubber bands. In this manner practically the entire 
25.8 cm.* of copper surface was exposed, only a narrow line be- 
tween the two glass rods being covered. Although the number of 
revolutions was constant, the relative velocity was not uniform 
at various places over the copper surface; it was higher at the 
periferal portion, and lower towards the center. These con- 
ditions, however, were quite uniform as indicated by the uni- 
formity of the results obtained. 

These conditions were improved in the method of attachment 
used for the larger copper blades. These were held rigidly in a 
vertical position parallel to the stirring rod and about 1 inch from 
the center. This arrangement facilitated the exchange of the 
test pieces. Both sides of the copper blades were exposed at 
nearly the same velocity, and only a relatively small area of 
the metal was unexposed, viz. the small area, at the edges in con- 
tact with the holding arms. 

This arrangement provided as nearly ideal conditions of uni- 
form velocity as can be expected. Absolute uniformity of veloc- 
ity over the entire surface would necessitate test pieces to fit per- 
fectly the stream lines in the liquid. It appeared practically 
impossible to avoid entirely any unexposed areas at the points of 
attachment. Evans (2) proposed a method for accomplishing 
this; but because of the chance of slight losses due to abrasion of 
the metal, and for various practical reasons, the method of Evans 
was not followed. 

In the present arrangement all the controllable variables as 
described by Frazer et al. (3) have received consideration. A 
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definite and sufficiently large quantity of the corrosive liquid was 
provided. The temperature of the water bath and that of the 
milk was controlled. Further, this arrangement permitted the 
bubbling of gases of the desired nature through the milk, prac- 
tically the same amount of gas passing through all four bottles 
when connected in series. It is recognized that a higher velocity 
(revolutions per minute) might have been chosen to good ad- 
vantage and that some device might have been provided to pre- 
vent the continuous circular flow of the milk. 

It is known that the condition of the metal surface influences 
metal solution. Therefore, an attempt was made to prepare the 
metal surfaces so as to furnish the same type of surface in every 
test. This was done for the 1 by 2 inch thin copper sheets by 
cleaning in dilute nitric acid, or later by short immersion in 
bichromate-sulphuric acid cleaning mixture, followed by rinsing 
in water. The copper sheets were then placed in fresh milk 
for five to ten minutes, until they were used for the test. The 
larger copper blades were treated in a different manner. The 
method chosen was intended to simulate the nature of well 
cleaned metal surfaces in dairy equipment. The test pieces 
were cleaned by scouring with “Bon Ami,”’ just enough to remove 
any tarnish, but care was taken not to bring about a polishing 
effect. 


b. Method for determining the amount of copper dissolved 


The amount of copper dissolved was determined in two differ- 
ent ways. In the earlier experiments, when thin copper sheets 
were used, the milk was ashed and the copper in it was deter- 
mined by analysis using the method as already published (4). 
These results were originally expressed in terms of milligrams of 
copper dissolved in 1 liter of milk after exposure to the 25.8 cm.? 
of copper surface for two hours. Later these results were ex- 
pressed as milligrams of copper dissolved per square decimeter of 
copper surface per hour. 

In the later experiments the losses were determined directly 
from the difference in weight of the test pieces before and after 
exposure. The metal test pieces after cleaning in the manner 
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as described above were prepared for weighing by rinsing in 
alcohol and finally in ethyl ether. Before they were weighed, 
they were kept in a desiccator at room temperature for at least 
one hour. The weighed test pieces were then placed between 
the holders of the stirring device, and subjected to the test. 
After exposure they were quickly removed, and rinsed in cold 
tap water. Any adhering milk constituents were removed by 
means of a cotton swab. The blades were then rinsed in dis- 
tilled water, blotted dry, rinsed in alcohol, and finally in ether. 
Before weighing they were again kept in a desiccator for at least 
one hour. The results were finally expressed in terms of milli- 
grams loss per square decimeter, per hour. 


EXPERIMENTAL RESULTS 
1. The effect of acidity on the solubility of copper in milk 


It is generally assumed that the acidity of the milk is an im- 
portant factor in the solution of metals by milk. The study of 
the effect of hydrogen-ion concentration was therefore given 
first consideration. In the experiments that were conducted on 
the effect of acidity, this factor was varied and the temperature 
and other factors were kept constant. The experimental de- 
tails and the results are presented in table 1. A study of the 
data leads to the following conclusions: 

1. Small variations in acidity produced no perceptible effect on 
the solubility of copper in milk. 

2. Higher acidities reduced the solubility of copper. 

3. Neutralizing the milk to an alkaline reaction did not per- 
ceptibly influence the solubility of copper. 

4. The effect of acidity is the same whether it is produced by 
the addition of pure lactic acid or by biological agencies. 

The experiments were primarily intended for comparison within 
each series only; the samples within each series were taken from 
the same lot of milk. A comparison between the series, however, 
is possible and quite instructive. Samples a to d, which were 
skim milk, when compared with all the other samples, which 
were whole milk, indicate that copper is less soluble in skim milk 
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than in whole milk. Other factors may have been involved such 
as differences in the gaseous content occasioned by differences in 
the age and previous handling of the milk. However, it should be 
noted here than all the milk samples were taken from the Uni- 


TABLE 1 
The effect of acidity on the solubility of copper in milk 


pH ACIDITY PRODUCED BY: TEMPER | CONTENT ED 
per cent 
a 6.54 | 0.17-0.16 | Nothing added 20 0.69 0.55 
b 6.54 | 0.17-0.16 | Nothing added 20 0.62 0.49 
c 5.72 | 0.33-0.32 | Dilute lactic acid 20 0.69 0.55 
d 5.72 | 0.33-0.32 | Same as c 20 0.62 0.48 
e 4.58 19.2 cc. N/1 lactic acid | 19.5 1.14 0.97 
f 5.00 15.0 cc. N/1 lactic acid | 19.5 1.02 0.86 
4 5.30 6.6 cc. N/1 lactic acid | 19.5 1.55 1.37 
h 6.30 Nothing added 19.5 1.43 1.32 
i 6.56 Nothing added 20 1.28 1.06 
j 3.28 Dilute lactic acid 20 0.60 0.41 
A 3.28 Same as j 20 0.69 0.49 
l 8.42 Dilute NaOH 20 1.23 1.01 
m Pasteurized milk, noth- | 20 0.90 
ing added 
n 4.03 Ripened 24 hours 20 0.82 


Experimental details: 
Surface of copper: 25.8 cm.? for samples a-1; 39.7 cm.? for samples m and n. 
Time of exposure: Two hours for samples a-1; one hour for samples m and n. 
Amount and kind of milk used: 500 cc. skimmilk for samples a—d; 500 cc. 
whole milk for samples e-1; about 500 cc. whole milk for samples m and n. 
* Dissolved copper was calculated based on the determined copper content of 
the original milk in samples e-h, (0.136 mgm. per liter), and in samples i-1, (0.182 
mgm. per liter), or calculated by assuming that the copper content of the original 
milk was 0.12 mgm. per liter for samples a—d, and 0.15 mgm. per liter for samples 
m and n. 


versity herd milk in which the bacterial count was known to be 
well below 10,000 per cubic centimeter, and the samples were 
handled in such a manner as to exclude secondary effects due to 
bacterial growth. 
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2. The effect of dissolved gases on the solubility of copper in milk 


It has been demonstrated by various investigators that the 
dissolved oxygen in the corrosive liquid plays an important réle 
in metal solution. Thus it is apparent that the gaseous constitu- 
ents of milk, which may be ignored in many dairy manufacturing 
problems, are likely to be of utmost importance here. With 


TABLE 2 
The influence of dissolved gases on the solubility of copper 


COPPER 
SAMPLE TREATMENT TEMPERATURE MELE 

a None Room 0.493 0.37 
b Vacuum, 4 hours Room 0.440 0.31 
c Air Room 0.834 0.66 
d None Room 0.562 0.40 
e None 20.5 0.683 0.52 
f None 20.5 0.714 0.55 
g Carbon dioxide 26.0 0.317 0.16 
h Oxygen 26.0 1.645 1.45 

Oxygen 23.0 1.580 1.38 

Oxygen 62.8 12.240 11.70 
k Oxygen 62.8 (Direct gravimetric) 17.65 


Experimental details: 
Surface of copper: 25.8 cm.’, except in sample k, where it was 39.7 cm.* 
Time of exposure: Two hours, except in sample k, where it was one hour. 
Amount of milk used: 500 cc. skimmilk was used in samples a and b, fresh 
whole milk in all other samples. 
* For calculating the dissolved copper, the original copper content of the milk 
was assumed to be 0.15 mgm. per liter for whole milk, and 0.12 mgm. for 
skimmilk. 


this in mind experiments were undertaken to determine the effect 
of evacuation, aeration, and of treatment with oxygen, and carbon 
dioxide, on the solubility of copper in milk. The results and ex- 
perimental details are given in table 2. The following conclu- 
sions may be drawn from the results obtained: 

1. Evacuation of the milk previous to exposure to copper 
slightly decreases the amount of copper dissolved. 
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2. The bubbling of air through the milk during the exposure 
to copper increased the amount of copper dissolved very slightly. 

3. The bubbling of carbon dioxide through the milk during the 
exposure to copper very markedly decreased the amount of copper 
dissolved. 

4. The bubbling of oxygen through the milk during exposure 
to copper appreciably increased the amount of copper dissolved. 
The effect was more pronounced at pasteurizing temperature 
than at room temperature. 


3. The effect of other milk constituents on the solubility of copper 
in milk 

No experimental study was made of the effect of other milk 
constituents on copper solubility, although they are undoubtedly 
involved in the corrosive action. However, the individual milk 
constituents, in all probability, do not exert their effects inde- 
pendently, and therefore any attempt to study the isolated con- 
stituents singly would lead to erroneous conclusions. If a study 
of the effect of individual milk constituents were to be under- 
taken, it would be necessary to vary the amount of one in the 
presence of constant amounts of all the other constituents. In 
view of the immense amount of work that would be required in 
preparing the samples and in studying this phase of the subject 
adequately, in view of the fact that the milk constituents in mixed 
milk are reasonably constant (certainly as far as corrosive effect 
may be concerned), and in view of the fact that the results could 
not lead to any practical control of the problem, no work of this 
nature was undertaken. Nevertheless it is of interest to specu- 
late on the réle of the various milk constituents in metal solution. 

The effect of the organic constituents appears to be of an in- 
direct nature. Lactose is a reducing sugar and as such might be 
expected to exert an effect on copper solution. However, its 
reducing effect is pronounced only in alkaline solutions, and there- 
fore probably plays no important rdéle in the solution of copper 
by milk. 

The milk fat cannot take part directly in any ionic process 
such as metal solution, yet there are indications that whole milk 
has a greater solvent action on copper than skim milk (see table 
1, compare samples a to d with e ton). More data are needed 
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before a definite conclusion may be drawn concerning the effect 
of fat in milk on copper solution. 

The protein substances in the milk are only slightly ionized, 
and would therefore appear to be indifferent in the process of 
metal solution. However, insoluble protein salts of the heavy 
metals may be formed, thereby promptly removing the dis- 
solved metal from solution. As a result proteins are likely to 
affect metal solution indirectly. 

In this connection it is of interest to recall that the colloidal con- 
stituents of milk bear electric charges which bring about the 
migration of these particles under the influence of an external 
electromotive force. Metal salts may influence the electric 
charges sufficiently to alter the properties of the milk as a col- 
loidal suspension or emulsion. These phenomena are probably 
related to the difference in the behavior of metal surfaces with 
respect to the baking on of the milk solids. 

The ionic constituents of the milk, viz. the salts, appear to 
be most directly involved in the solution of metals in milk, 
because the salts comprise the anions which may combine with 
the metal, and determine the hydrogen-ion concentration. From 
later studies, however, it appears that the salts are not the most 
important factors in metal solution. 


4. The effect of temperature on the solubility of copper in milk 


The velocity of chemical reactions increases with the tempera- 
ture. For this reason the rate of copper solution in milk is ex- 
pected to increase with the temperature. Previous investiga- 
tors have shown that this expected effect is realized only up to a 
certain temperature, beyond which there is actually a decrease 
in the amount of copper dissolved. However, there is a lack of 
agreement concerning the temperature of maximum solubility. 
Further, no explanation, founded on adequate experimental evi- 
dence, has been offered to account for the decreased solubility 
of copper at temperatures beyond that of maximum solubility. 
Experimental results on this subject are therefore of special 
interest both from a theoretical and practical standpoint. 

The experimental results on the solubility of copper in milk at 
various temperatures during exposures of thirty, sixty, and one 
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Fig. 2. a. Curve showing copper solubility in mgm./dm.?/hr., calculated from 
gravimetric determinations of the dissolved copper in milk after two hours ex- 
posure to 25.8 cm.? surface of copper at temperature intervals of 10°C. 


a’ Curve showing copper solubility in mgm./dm.?/hr., calculated from the 
formula: 


Log R = a + b-t°; Log R = 1.414 + 0.02195 ¢° 
where R = mgm. Cu/dm.*/hr. a and b—calculated from the experimental data 
at 10° and at 40°C. 

b. Same as a,—but at 2° temperature intervals from 63° to 77°C. 

c. Same as a,—but thirty minutes exposure only. 

d. Curve showing copper solubility in mgm./dm.*/hr., calculated from the 
losses in weight of strips of plate copper of 39.7 cm.? surface, exposed to milk for 
one hour at 20°, 60°, 62.8°, 70°, 75°, 85°, and 97°, average of 4 to 8 determinations. 

e. Same as d,—but in acid milk at 20°, 70°, and 97°C. 


hundred and twenty minutes, are presented in figure 2. A study 
of this figure and of the data on which it is based leads to the 
following conclusions: 
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1. Temperature is the most important of the factors that de- 
termine the amount of copper dissolving in milk. Up to a tem- 
perature of 50°C. the solubility increases at a logarithmic rate 
as expressed in the temperature-reaction velocity equation: 


log R = a+ b. t° 


2. The temperature of maximum solubility is 70°C. ; this holds 
true whether the time of exposure is thirty minutes, one hour, or 
two hours. This finding is contradictory to the contention of 
Quam, that upon exposures longer than thirty minutes, chemical 
changes occur in the milk which change the temperature of 
maximum solubility. 

3. The rate of copper solution becomes less as the time of ex- 
posure is increased. 

4. The decrease in the solubility of copper in milk at higher 
acidity, as observed at room temperature (see table 1), is much 
more marked at higher temperatures. 

It should be noted that the above conclusion refers to the solu- 
bility of copper and not copper oxide, as on a tarnished surface. 
The good results obtained by the use of hot, sour whey for clean- 
ing tarnished copper equipment are not to be explained by the 
specific action of sour whey on copper, but rather on the copper 
oxide which apparently is dissolved quite readily by sour whey. 
However, sweet milk also dissolves films of copper oxide quite 
readily. 

5. The effect of the previous heat treatment of milk on copper 
solubility 

Rice and Miscall (12) have reported not only that less copper 
dissolved in milk at boiling temperature than at room tempera- 
ture, but also that milk, after it had been boiled and cooled, 
dissolved less copper than raw milk. Raw milk dissolved 16.25 
mgm. copper per liter at room temperature, while milk pre- 
viously boiled and cooled at room temperature dissolved 5.35 
mgm. copper per liter, and saturation with air in the latter case 
increased the amount only to 5.45 mgm. This enormous differ- 
ence in the solubility of copper apparently was related to some 
change in the composition of the milk. A study of these phe- 
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nomena promised to elucidate some of the fundamental factors 
that influence the solubility of copper in milk. 

The findings of Rice and Miscall were partially confirmed by 
the results of the experiment presented in table 3, but the differ- 
ences found between the solubilities in raw and previously boiled 
milk were slight at room temperature, and even at boiling tem- 
perature, they were not so great as reported by these investiga- 


TABLE 3 
The solubility of copper in preheated milk 
COPPER CONTENT) COPPER DIS- 
SAMPLE HEAT TREATMENT OF MILE TEMPERATURE OF MILK IN SOLVED IN 
MGM./L. MGM./DM.?/HR.$ 

a Raw milk Room 0.737 0.60 
b Raw milk Boiling 2.535 2.34 
c Previously boiled* Room 0.615 0.48 
d Previously boiled Boiling 1.561 1.40 
e Raw milk Room 0.515 0.38 
f Raw milk 62.8 3.945 3.68 
g Previously pasteurizedt Room 0.845 0.68 
h Previously pasteurized 62.8 4.005 3.83 


Experimental details: 
Surface of copper: 25.8 cm.? 
Time of exposure: Two hours. 
Amount of milk used: 500 cc. (skimmilk). 
* The milk was heated to about 97°C. in a boiling water bath for about twenty 
minutes, then cooled. 
+ The milk was previously pasteurized by heating to 62.8°C. for thirty minutes, 
then cooled. 
t Calculated on the assumption that the copper content of the original skim- 
milk was 0.12 mgm. per liter. 


tors. Their results are probably to be attributed to the lack of 
agitation in their experimental procedure. An experiment of 
a similar nature (table 3, samples e to h) showed that previous 
pasteurization did not decrease copper solubility, but rather 
increased it slightly. 

Knowing of the important réle of oxygen in copper solution, it 
was decided to conduct preliminary experiments seeking the 
explanation for the above phenomena in the dissolved oxygen. 
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The previously boiled milk was saturated with oxygen by bub- 
bling oxygen through the milk during the entire exposure to copper, 
and the amount of copper dissolved was compared with that dis- 
solved by raw milk similarly treated. The results, given in table 4, 
samples a to d, were unexpected; even when saturated with 
oxygen, the previously boiled milk dissolved less copper than raw 
milk. Similar results (samples e to f) were obtained when air 
was used instead of oxygen. 


TABLE 4 
The effect of dissolved gases on the copper solubility in preheated milk 
COPPER CONTENT OF MILE 
COPPER 
"MOF MILE | | Determination 
1 2 
mgm./l. | mgm./l. | mgm./l. 
a Raw Oxygen | 23.0 1.658} 1.499) 1.597) 1.38 
b Raw Oxygen | 62.8 | 11.630) 12.850) 12.090) 11.70 
c Previously boiled | Oxygen| 23.0 1.051) 1.164 1.108) 0.93 
d Previously boiled | Oxygen | 62.8 9.970} 9.490) 9.760) 9.30 
e Raw Air 28.5 0.307 0.302| 0.304; 0.15 
f Raw Air 62.8 3.940} 3.980) 3.960) 3.69 
g Previously boiled | Air 28.5 0.403} 0.365) 0.384) 0.23 
h Previously boiled | Air 62.8 2. 2.810 2 840 2.58 


Experimental details: 
Surface of copper: 25.8 cm.? 
Time of exposure: two hours. 
Amount of milk used: 500 ce. 
Amount of milk ashed: 250 cc. 
* Calculated, assuming that the copper content of the original milk was 0.15 
mgm. per liter. 


Other experiments of a similar nature were then conducted 
but using preheating temperatures of 60, 70 80 and 90°C. for 
one hour. The heating was done in the quart milk bettles which 
were to be used later for the solubility tests. During the pre- 
heating the milk was agitated by means of the same device used 
in the solubility tests but with glass slides in place of metal test 
pieces. After the heating and holding at the desired tempera- 
ture for one hour, the milk was promptly cooled to the desired 
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temperature by running cold water into the water bath. The 
results of the various experiments are given in table 5. 

In the first series of samples, the milk was cooled to 60°C. and 
held at that temperature for ten minutes, the copper test pieces 


The solubility of copper in preheated milk 


TABLE 5 


COPPER COPPER 
MGM./L. DM.?/HR 

a 60 (1 hour) None 60 4.340 4.05 

1 b 70 (1 hour) None 60 4.868 4.56 
c 80 (1 hour) None 60 2.750 2.52 

d 90 (1 hour) None 60 3.555 3.30 

e 60 (1 hour) Bubbling oxygen 23.5 1.841 1.64 

9 f 70 (1 hour) Bubbling oxygen 23.5 2.445 2.22 
g 80 (1 hour) Bubbling oxygen | 23.5 1.937 1.73 

h 90 (1 hour) Bubbling oxygen 23.5 2.095 1.88 

i 90 (2 minutes) | Bubbling oxygen 24.5 1.928 1.72 

3 j 90 (20 minutes) | Bubbling oxygen} 24.5 1.959 1.75 
k 90 (40 minutes) | Bubbling oxygen 24.5 2.252 2.04 

1 90 (60 minutes) | Bubbling oxygen 24.5 1.944 1.74 

m 60 (1 hour) Carbon dioxide 60 0.874 0.70 

4 n 70 (1 hour) Carbon dioxide 60 0.701 0.53 
° 80 (1 hour) Carbon dioxide 60 0.535 0.37 

p 90 (1 hour) Carbon dioxide 60 0.419 0.26 


Experimental details: 

Surface of copper: 25.8 cm.? 

Time of exposure: Two hours. 

Amount of milk used: 500 cc. (whole milk). 

Calculated on the assumption that the copper content of the original milk was 
0.15 mgm. per liter. The milk used in each experimental set was taken 
from the same lot of milk, so that the results are not influenced by varia- 
tions in the composition of the milk. 


were then substituted for the glass slides, and agitation con- 
tinued for two hours at 60°C. The results again show a reduced 
copper solubility when the milk had been preheated to tempera- 
tures above 70°C. It will be noted in this series of samples as in 
the following series, that milk preheated at 70°C. for one hour 
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dissolved more copper than milk preheated at 60°C. These 
results appear to parallel the increased copper solubility in pas- 
teurized milk, observed by Miscall et al. (7). 

In the second series of samples, the milk was cooled to 23.5°C. 
and held at that temperature for ten minutes; the copper test 
pieces were then substituted for the glass slices and the bubbling 
of oxygen through the milk was started; agitation, the bubbling 
of oxygen and exposure to copper were then continued for two 
hours at that temperature. The results (samples e to f) indicate 
that the bubbling of oxygen through the milk tends to eliminate 
the effect of preheating on the amount of copper dissolved. 

In the third series of samples all the milk was preheated to 
90°C. using the same procedure as before, but varying the holding 
time. After the holding time had elapsed, the samples were 
cooled to 24.5°C. and exposed to copper under the same con- 
ditions as in the second series. The results (sample 7 to /) lead 
to a similar conclusion as in the preceding series. 

In the fourth series of samples the procedure was the same as in 
the first series, but bubbling of carbon dioxide through the milk 
was started when the copper test pieces were placed in the milk. 
The results (samples m to p) indicate that the expulsion of dis- 
solved oxygen apparently is not the only effect of the heat 
treatment. However, this indication is not conclusive, because 
not sufficient time was allowed for the complete removal of the 
oxygen by rinsing with carbon dioxide, before the milk was 
exposed to the copper. 

These preliminary experiments indicate that the effect of pre- 
heating on copper solubility must be sought in the gaseous con- 
tent of the milk. A comparison of samples m to p with samples 
a to d demonstrates the effects of the removal of dissolved oxygen 
on copper solubility. It should be noted that even at 60°C. 
the copper soiubility in samples m to p is less than would normally 
be expected at room temperature. 

If the dissolved gases affect copper solubility, they probably 
exert this effect through their influence on the oxidation inten- 
sity which can be measured in terms of oxidation-reduction poten- 
tials. It was therefore decided to undertake experiments at- 
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tempting to correlate oxidation-reduction potentials of the milk 
under various conditions to copper solubility. 


6. The solubility of copper in relation to the oxidation-reduction 
potential 

The solutions of metals, however complicated the mechanism 
of solution may be, fundamentally involves the change of the 
reduced form of the metal to an oxidized form, or a change of the 
free energy of the metal. Oxidation may be produced by chemi- 
cal agents, or by electrochemical means. The effect of atmos- 
pherie oxygen in metal solution is commonly appreciated, but in 
addition the literature on metal corrosion gives reports of agents 
other than oxygen accelerating metal solution, such as ferric 
ions, cupric ions and chlorine. 

The conception of metal solution as an oxidation process is not 
new, but few attempts have been made to correlate the rapidity 
of metal corrosion to the oxidative power of corrosion media, and 
no attempts have been made to correlate corrosion to oxidation- 
reduction potentials. 


THE PROCEDURE USED IN DETERMINING THE OXIDATION- 
REDUCTION POTENTIALS 


For the measurement of the oxidation-reduction potentials, 
freshly gold plated platinum electrodes were used. The milk 
was connected to a M/10 calomel half-cell by means of a saturated 
potassium chloride-agar bridge. The potential between the gold 
plated platinum electrode and the terminal of the calomel half- 
cell was measured by means of a Leeds Northrup, type K, po- 
tentiometer. The temperature of the calomel cell was constant 
within 24° to 26°C., and in each case the temperature was noted 
and proper corrections applied in the calculation of the Z,. 

By means of the oxidation-reduction potential measurements 
it was hoped to find whether the peculiar temperature-solubility 
curve for copper in milk could be explained in terms of oxidation 
intensity. An attempt to measure the oxidation-reduction po- 
tential in milk at varying temperatures up to boiling tempera- 
ture, may at first appear erroneous, because of the wide 
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difference in temperature between the unknown and the calomel 
half-cell. The use of a saturated potassium chloride salt bridge 
should greatly minimize the error that might result from a second- 
ary, diffusion potential. Further, the object was merely to 
obtain comparative potential measurements. For this purpose 
the procedure gave concordant results. 

In the first of these experiments the milk, contained in the 
quart bottles was heated gradually by raising the temperature of 
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the water-bath. The changes in the potential in the milk, meas- 
ured at frequent intervals together with the temperature of the 
milk, are illustrated in figure 3. Because the rate of temperature 
increase was not uniform, both temperature and potentials are 
plotted against time; direct plotting of potentials against tem- 
perature would be simpler but would not present the facts as 
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accurately. The relation between potentials and temperature 
can be seen by comparing the two on the same “‘time’’ ordinate. 
In one case (curve a) the milk was agitated with a glass slide, in 
the other (curve b) with a copper test piece attached to the usual 
agitating device. From this and similar experiments the follow- 
ing conclusions may be drawn: 
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1. Up to a temperature of about 65°C., the oxidation-reduc- 
tion potential remains substantially constant with increases in 
the temperature (curve a). 
2. When the milk is agitated by a copper blade, the potential 
was found to increase rapidly after seventy-two minutes when the 
temperature was about 63°C. Upon further increase of the 
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temperature up to 75°C., the potential remained almost con- 
stant. 

3. At temperatures above 70°C., (or 75°C. in case of agitating 
with a copper blade) the oxidation-reduction potential of milk 
decreases rapidly, and finally reaches negative values somewhat 
after boiling temperature has been reached. 

4. The presence of dissolved copper renders the potential more 
positive (compare curves a and 3). 


TABLE 6 
The solubility of copper in milk in relation to the oxidation-reduction potential 
COPPER 
TEMPER- POTENTIAL, E, IN MILK, COPPER 
EXPOSURE Maxi- Final | MINATIONS pM.*/HR.* 
mum IN MGM./L. 
minutes 
a 60 173 None 0.390 | 0.379 | 9.02 5.97 
b 70 173 None 0.311 | 0.295 | 8.17 5.39 
130t 
c 80 173 None 0.224 | 0.203 | 5.50 3.60 
d 90 173 None 0.206 | 0.140 | 5.24 3.42 
Initial Final 
e 24.5 120 None 0.271 | 0.274) 0.871 0.70 
f 25.5 120 Carbon dioxide} 0.159 | 0.039 | 0.368 0.21 
g 25.5 120 Air 0.287 | 0.308 | 1.325 1.14 
h 28.0 120 Oxygen 0.331 | 0.455 | 1.164 0.98 


Experimental details: 
Surface of copper: 25.8 cm.? 
Amount of milk used: 500 ec. 
Amount of milk ashed: 250 cc. for samples a-—d; 500 cc. for samples e-h. 
* Calculated under the assumption that the copper content of the original milk 
was 0.15 mgm. per liter. 
+ After one hundred thirty minutes the stirring cable broke; the milk of this 
sample was not agitated for the remainder of the experimental period. 


Experiments of this type, in which the temperature of the 
milk was raised gradually, the potential was apparently depend- 
ent on both, the temperature, and the time. In order to deter- 
mine the réle of time, various temperatures were kept constant 
in the following experiments, and the potential changes with time 
were observed. (See figure 4.) The finding that the oxidation- 
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reduction potential decreases markedly at temperatures beyond 
70°C., seemed a promising indication that this might be an im- 
portant factor in explaining the marked decrease in copper solu- 
bility in milk beyond that temperature. Further experiments 
were therefore undertaken to study the oxidation-reduction po- 
tential of milk at high temperatures and to determine whether 
there is a relation between the potential and the amount of copper 
dissolved. The results of such experiments are presented in table 
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6 and in figures 4 and 5. The details of the experiments are 
apparent from the description of the general procedure in measur- 
ing the potentials, and from the details indicated in the table and 
graphs. The following conclusions seem justified: 
1. At 60 and 70°C. almost constant potentials are obtained. 
2. The amount of copper dissolved is related to the oxidation- 
reduction potential. The potential attained and the amount of 
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copper dissolved when oxygen was bubbled through the milk 
presents an exception to this conclusion, but in this case it was 
very evident that the copper was coated with an oxide film which 
undoubtedly acted as a protective coating. 

3. Dissolved copper makes the potential more positive, as 
indicated in figure 4, especially in the sample where oxygen was 
bubbled through. 


DISCUSSION OF EXPERIMENTAL RESULTS 


The experiments reported above have concerned themselves 
with (a) acidity, (b) dissolved gases, (c) temperature, (d) pre- 
heating time and temperature, and (e) oxidation-reduction po- 
tential, as factors in determining the amount of copper dissolved 
by milk. It is now of interest to correlate the isolated conclu- 
sions, which were drawn at the end of each experiment, in an 
attempt to gain a more comprehensive and fundamental under- 
standing of the problem. 

The data reported here show that an increased acidity causes a 
decrease in the solubility of copper in milk. This is contrary to 
the general belief and previous statements. Rice and Miscall 
(12) concluded: “Milk slightly sour dissolves but little more 
copper than normal milk.’”’ However, they performed only two 
experiments and in one of them the amount of copper dissolved 
in milk was actually less at the higher acidity. This finding that 
increased acidity causes a decreased copper solubility in milk is 
in harmony with the conclusions reported by Speller (13) as to 
the relative importance of the factors that are involved in 
the corrosion of steel in water within the range pH 4.3 to 10; 
he enumerates the factors in the order of their importance as 
follows: 

1. Amount of dissolved oxygen present at the metal surface. 

2. Protective coatings. 

3. Hydrogen-ion concentration. 

4. Composition of the metal. 

5. Hydrogen overvoltage. 

The importance of reaction is subordinate to the effect of dis- 
solved oxygen and protective coatings. As will be indicated 
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later, dissolved oxygen exerts its effect through its influence on ° 
the oxidation-reduction potential. It is known that an increase 
in acidity causes the oxidation-reduction potential to become 
more negative, and it is probable that the decreased copper 
solubility with increased acidity is caused by this effect. 

The experiments on the effect of oxygen, air and carbon diox- 
ide on copper solubility confirmed, in a general way, the findings 
of previous workers. The quantitative relationship of the effect 
of these gases necessarily was different, because of the improved 
experimental method of exposing copper to milk. The effect 
of the dissolved gases on the oxidation-reduction potential indi- 
cates that they influence copper solubility through their influ- 
ence on the oxidation-reduction potential. Oxygen affects the 
oxidation-reduction potential directly; the bubbling of oxygen, 
air, and carbon dioxide through the milk affects copper solubility 
only in so far as such a procedure determines the potential by 
the amount of oxygen remaining dissolved in the milk. 

In the experiments on the effect of temperature it was found 
that copper solubility increased, attained a maximum value, and 
then decreased markedly with increases in temperature. This 
agrees, in general, with the findings of Quam (9) and Miscall et al. 
(7), but in the detailed results a number of differences are found. 
These differences, as well as the general temperature-solubility 
relationship, can now be explained. 

The increase in copper solubility with temperature is expected 
and up to 50°C. follows the temperature-reaction-velocity equa- 
tion. The oxidation-reduction potential remains substantially 
constant up to this temperature, and apparently is not a limit- 
ing factor. At temperatures somewhat above 50°C. the rate of 
copper solution is such that the oxidation-reduction potential 
becomes a limiting factor thereby causing a deviation from the 
temperature-reaction-velocity curve. In the experiments here 
reported, it was found that the oxidation-reduction potential of 
milk decreases markedly when milk is heated to temperatures 
above 70°C. As a result, the oxidation-reduction potential be- 
comes a limiting factor to such an extent that copper solubility 
actually decreases with further increases of the temperature. 
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The temperature of maximum solubility reported by Quam was 
higher (85°C. to 90°C.) than that found above. From the pres- 
ent work it appears that such a high temperature of maximum 
solubility was to be expected in connection with their experi- 
mental procedure where the milk was exposed to the copper in 
the form of a thin film. Under such conditions the amount of 
oxygen dissolved in the milk in contact with the copper was ob- 
viously higher than what it would have been in the main body of 
the milk. The high temperature of maximum solubility was 
therefore not caused by the shorter time of exposure as used in 
their tests (thirty minutes as compared to one-hundred and 
twenty minutes), and the lower temperature of maximum solu- 
bility reported by others was not due to chemical changes which 
would supposedly occur in milk when heated to such tempera- 
tures for times longer than thirty minutes, as Quam et al. sug- 
gested. The same line of reasoning as above also explains the 
higher copper solubility which was observed by these authors at 
boiling temperature. On the other hand, the lower temperatures 
of maximum solubility reported by Miscall et al. were also to be 
expected because in their experiments no agitation was provided 
to keep the gaseous composition of the milk uniform and constant 
during the experiments. 

The fact that the temperature of maximum solubility was al- 
ways found to be 70°C., and that in previous work with other 
methods different temperatures of maximum solubility were 
found, indicates that this temperature is largely dependent upon 
the factors which determine the rate of oxygen diffusion to the 
metal surface (agitation, aeration, etc.). The procedure which 
was used in this work in arriving at the conclusion that the tem- 
perature of maximum solubility of copper in milk is at 70°C., 
controlled these essential factors; at the same time these con- 
ditions simulate conditions that obtain in cases of submerged 
corrosion under practical conditions. 

The observations on copper solubility reported by Miscall et al. 
were difficult to explain, but in addition they suggested that the 
factors which condition copper solution in milk are exceedingly 
complex. The fact that they found a temperature of maximum 
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solubility not only in raw milk, but also in evacuated milk, or in 
milk saturated with oxygen, or with carbon dioxide, and es- 
pecially the fact that in pasteurized milk a maximum solubility 
is obtained at about the same temperature as is obtained with 
raw milk, led these authors to conclude that oxygen can not ac- 
count wholly for the copper solubility in milk, and that there is a 
reaction over which oxygen has no control. The inconsistencies 
and lack of correlation in their results are in all probability due to 
(a) lack of agitation in their procedure, (6b) uncertainty in the 
amount of oxygen remaining in the milk as the result of the vari- 
ous treatments of the milk, referred to above. The length of 
time that is required to change the oxidation-reduction potential 
by passing carbon dioxide through the milk, suggests that more 
time is required for the removal of oxygen from milk, than is 
generally assumed. 

It has been suggested that an oxygen transmitting enzyme is 
active in copper solution in milk, and that the break in the tem- 
perature-solubility curve at 70°C. and the reduced solubility in 
preheated milk is due to the destruction of thisenzyme. In view 
of the experimental work presented here, there is no justification 
for such an assumption, and the above phenomena can be ex- 
plained on the basis of physico-chemical factors. The observa- 
tion reported in table 5 (samples m to p), that the bubbling of 
carbon dioxide through milk which had been preheated to various 
temperatures, did not entirely eliminate differences in copper 
solubility, may be explained by the slow action of carbon dioxide 
in changing the oxidation-reduction potential, as shown in figure 
4. This indicates that the main effect of preheating is the grad- 
ual expulsion of dissolved oxygen, thus lowering the oxidation- 
reduction potential. 

In addition to the above, chemical changes may constitute a 
second factor, involved in the decreased copper solubility in pre- 
heated milk. The drop in the oxidation-reduction potential with 
prolonged heating at 80 to 89°C. (fig. 4) suggests that organic 
milk constituents undergo chemical changes. It is known that 
lactose undergoes oxidation in milk at high temperatures (Whit- 
tier and Benton (15); this constitutes a mode of oxygen removal 
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that supplements the expulsion of this gas on account of decreased 
solubility at higher temperatures. Besides the removal of oxygen 
by chemical union and expulsion from solution, a drop in the 
potential may be caused by chemical changes that produce sub- 
stances with reducing properties; for example, it is known that 
hydrogen sulphide is evolved when milk is heated at high tem- 
peratures. Bubbling oxygen through preheated milk will re- 
store the depleted oxygen content, but the effects of certain 
chemical changes, probably of the type indicated above, are 
apparently not so readily eliminated. This would account for 
the decreased copper solubility in previously boiled milk, even 
when oxygen is bubbled through it (table 4). 

In view of the important réle of oxygen in the solution of cop- 
per in milk, analyses to determine the amount of dissolved oxy- 
gen under various conditions may appear important. However, 
no such analyses were made in this work. While they would be 
of interest, they would not necessarily furnish precise proof of the 
relationship of dissolved oxygen to copper solubility. The effect 
of oxygen is operative through its influence on the oxidation in- 
tensity which is conditioned by other factors besides the absolute 
amount of oxygen dissolved. Therefore, the direct measurement 
of the oxidizing intensity by means of the oxidation-reduction 
potential was used instead of gas analyses. 

The various aspects of the problem as revealed in the present 
study lead to the conclusion that the solution of copper in milk 
actually represents a case of metal corrosion in dilute acid solu- 
tion. The relative importance of the factors that apply in such 
cases, as enumerated by Speller (13), appear to apply to the pres- 
ent problem. This becomes even more convincing as we com- 
pare the copper solubility in milk with the corrosion of metals 
in other media. Even in strong acid solutions the rate of metal 
solution is dependent upon the oxygen content of the liquid, as 
shown by Whitmann and Russell (14). These investigators de- 
termined the rates of copper solution in media in equilibrium with 
(a) pure oxygen, and (b) air. The solubility with oxygen ex- 
ceeded that obtained with air, in various media at 22°C. by the 
following multiples: 
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They attributed the high solubility ratio in hydrochloric acid to 
the increased oxidizing capacity of the solution caused by the ac- 
cumulation of cupric ions. 

In this connection it is of interest to note that the ratio of 
copper solubility in milk when in equilibrium with oxygen to that 
in equilibrium with air was found as follows: 


2.1 at room temperature (table 4, sample a, and figure 2 at 20°C.). 

2.9 at pasteurizing temperature (table 2, sample k, and figure 1, 
curve d, at pasteurizing temperature). 

3.1 at pasteurizing temperature (table 4, samples 6 and f). 


This lower ratio is indicative of the poising effect, or of the slower 
rate of oxygen diffusion in the milk, which is apparently more 
pronounced at lower temperatures. 

Beyond the scope of this study, the observations on the change 
of the oxidation-reduction potential in milk are of general in- 
terest. Oxidative processes in dairy products are known to 
influence their flavor and keeping quality, and studies to bring 
out the relationship of oxidation-reduction potentials to oxidative 
changes, appear promising. 


SUMMARY AND CONCLUSIONS 


1. In the review of previous work, the lack of concordant re- 
sults was attributed to faulty procedure,—lack of agitation, and 
inadequate control of the temperature and dissolved gases. A 
procedure was developed to overcome these objections. 

2. The effect of acidity, dissolved gases, and temperature on 
the solubility of copper in milk were studied. The effect of 
velocity was not studied, but it was controlled and kept uniform in 
all the experiments. 

3. Higher acidities markedly decreased (rather than increased) 
copper solubility in milk, while slight increases in acidity had no 
effect. 
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4. The effect of dissolved gases was studied by bubbling them 
through the milk during the entire exposure. It was found that 
carbon dioxide markedly decreased, air slightly increased, and 
oxygen markedly increased the copper solubility in milk. Pro- 
longed treatment of the milk with oxygen previous to exposure 
led to the formation of a protective oxide coating. 

5. Temperature greatly affected copper solution in milk. The 
maximum solubility was always found at 70°C. whether the time 
of exposure was thirty minutes, one hour or two hours. In high 
acid milk the maximum was also at 70°C., but was appreciably 
lower than in sweet milk. At boiling temperature copper solu- 
bility was about the same as at room temperature. 

6. Up to 50°C., the temperature-copper-solubility curve fol- 
lowed the temperature-reaction-velocity curve. At higher tem- 
peratures, the curves diverged, less than the expected amount of 
copper being dissolved. 

7. Preheating of milk to various temperatures above 70°C. 
decreased copper solubility in such milk. The effect of preheat- 
ing was greater as the temperature and time of preheating in- 
creased. 

8. The oxidation-reduction potential of milk was found to be 
related to the solution rate of copper and the various factors that 
affect it. 

9. Up to a temperature of about 65°C., the oxidation-reduction 
potential remained substantially constant; above 70°C. it de- 
creased rapidly. With prolonged holding at 60 and 70°C., the 
potential remained constant. The presence of dissolved copper 
made the potential more positive. Increased acidity is known to 
make the potential more negative. 

10. In the discussion it is shown how the observations on the 
oxidation-reduction potential may explain the mechanism through 
which acidity, dissolved gases, temperature and preheating af- 
fects copper solubility. 

11. Copper solution in milk is a typical case of metal corrosion. 
The same factors in the same relative order of importance apply 
to copper corrosion by milk as apply in general to metal corrosion 
by weakly acid or alkaline solutions. 
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THE RELATIVE ANTINEURITIC (VITAMIN “B”) PO- 
TENCY OF CERTAIN MILK DERIVATIVES* 


G. C. SUPPLEE, 0. J. KAHLENBERG, G. E. FLANIGAN anp O. D. DOW 
The Dry Milk Company Research Laboratories, Bainbridge, New York 


Although the multiple character of the ‘“‘vitamin ‘B’ com- 
plex’’ is now clearly recognized, the lack of universally accepted 
methods for general assay purposes has retarded the accumula- 
tion of data showing the relative distribution of the different 
factors in various foods. The published investigations how- 
ever, clearly indicate a relative abundance of vitamin ‘“‘B’’—the 
antineuritic factor in cereal grains, and somewhat less in animal 
products including milk, whereas, the reverse is true in regard to 
vitamin ‘G’’—the anti-pellagric or growth-promoting factor. 
Various investigations (1-4) have indicated a relatively low 
vitamin “‘B’’ content of milk, and it may be concluded from the 
data available that this is the limiting factor causing retarded 
growth in rats when limited amounts of milk are fed as the sole 
source of this vitamin. Aside from the effect of vitamin “‘B’’ on 
growth, its specificity for curing or preventing polyneuritis in 
pigeons, rats and man is generally recognized and much of the 
available data concerning the distribution of this vitamin have 
been obtained by suitable technique for the cure and prevention 
of this disease. 


EXPERIMENTAL 


A comprehensive study of the nutritive properties of a water- 
soluble milk vitamin concentrate, concerning which a brief pre- 
liminary report has been published (5), has necessitated, as a 
pre-requisite to further studies, a determination of its antineuritic 
potency. The results of these determinations as well as those 
obtained from refined lactose, dry whey and rice polishings are 
recorded herein. The curative technique with the use of pigeons 
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as recommended by Kinnersley, Peters and Reader (6) (7) was 
used. 
The test substances were rice polishings of commercial grade, 
milk sugar refined to a degree well beyond the requirements of 
the U. 8. Pharmacopeia standards, whey resulting from a rennet 
precipitation of casein, subsequently dried by a spray process 
commonly used in Europe, and the vitamin concentrate having a 
gross composition computed to the dry basis as follows: Lactose, 
52.01 per cent; ash, 30.84 per cent; and nitrogen, 1.54 per cent. 
The pigeons used for test purposes were kept on a complete 
standardized ration for a period of thirty days before placing on 
the restricted diet prescribed for the development of polyneuritis. 
This complete diet consisted of 16.6 parts whole buckwheat; 16.6 
parts whole cracked corn; 16.6 parts millet; and 50 parts whole 
wheat. At the end of the thirty-day period on this ration the 
birds were confined in wire cages with screened bottoms in a 
warm room in the laboratory building. A restricted ration con- 
sisting only of autoclaved polished rice was given ad libitum with 
1 ec. of cod liver oil fed weekly by pipette. Those birds which 
did not develop characteristic opisthotonos or head retraction 
and convulsions within thirty-five days on the polished rice diet 
were not used for assay purposes. Many of the birds subjected 
to the restricted diet developed symptoms between the thirty- 
fifth and forty-second day, but since these were usually in a 
weakened condition the reactions from the test substances were 
irregular and inconsistent. About 5 per cent of the pigeons 
developed non-typical symptoms, emprosthotonos before the 
thirty-third day. The results from these non-typical cases were 
neither consistent nor satisfactory and after preliminary trials 
with such specimens these cases were discarded. Only 40 per 
cent of the total number of pigeons given the rice diet were 
available for test purposes as determined by the development 
of typical polyneuritis symptoms within the prescribed time. 
With but few exceptions the afflicted birds were given the second 
dose of test substance if recovery resulted from the first dose. 
After the second dosage and at the third onset of convulsions 
they were given a liberal dose of rice polishings and a yeast tablet 
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consisting of about 250 mgm. and then returned to the complete 
stock ration for recuperation and recovery. 

The test substances were given in limited amounts of water 
by pipette in all cases within one-half to three hours after the 
appearance of unquestionable symptoms. When the substance 
was sufficiently potent recovery was rapid, and with the excep- 
tion of border-line doses, subsidence of the convulsions and head 
retraction was brought about within five hours. In many such 
cases the birds were able to stand erect and consume food and 
water. In those instances wherein only border-line doses were 
administered recovery was never complete. In these cases 
severity of the convulsions usually subsided, head retractions 
became less pronounced, but the birds continued to lose weight. 
Very few of these cases recovered to a degree which permitted 
voluntary food consumption. Forced feeding was resorted to in 
a few instances, but in all such cases death ultimately ensued 
with or without re-occurrence of convulsions and opisthotonos. 

The records from typical cases wherein reaction time and 
consistency of results were most regular are shown in table 1. 
Plate 1 shows the typical reaction of pigeon 46A afflicted with 
polyneuritis on the nineteenth day. Plate 2 shows the same 
pigeon five hours after receiving the first 2-gram dose of the water- 
soluble milk vitamin concentrate. Protection was afforded for 
one hundred twenty hours by thisdosage. The records show that 
0.5 gram of rice polishings and 2 grams of the water-soluble milk 
vitamin concentrate contained substantially the same amount of 
the antineuritic vitamin. Inconsistencies in the period of pro- 
tection conferred by the milk vitamin concentrate and dry whey 
when computed to the day dose requirement are apparent, and 
it may be considered that while the different levels of these sub- 
stances exhibited definite antineuritic properties, the more valid 
basis for computing relative potency must be on those quantities 
which consistently gave the longest period of protection. A 
minimum protective period of three days is considered necessary 
by some investigators (6) (7) (8). Such a basis of appraisal 
would indicate that 1 gram of rice polishings contained about 
four times the antineuritic potency of 1 gram of the dry matter of 
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the water-soluble milk vitamin concentrate, and eight or slightly 
more times that of the same amount of dry whey. 

A preliminary report (5) on the growth-promoting properties 
of the water-soluble milk vitamin concentrate indicated that 
slightly more than 1 gram per day of this substance was required 
to supply the vitamin “‘B” complex requirement for the normal 
growth of white rats. It will be shown in a subsequent report 
that the limiting factor in these earlier studies was vitamin ‘‘B”’ 
and not vitamin “G.” Other investigators (3) (9) have shown 
that 3 to 3.5 grams of milk solids per day is required to supply 
the vitamin “‘B’’ requirement of the growing rat. A previous 
communication (10) which came to us recently stated that a 
sample of the water-soluble milk vitamin concentrate, now under 
investigation at another laboratory, contains about four-tenths 
as much vitamin ‘“‘B” as a good grade of yeast. This assay was 
made by the pigeon maintenance technique with a sample of 
the concentrate from which about 40 per cent of the inert ma- 
terial contained in the product reported in this paper had been 
removed. 


SUMMARY 


The vitamin “B”’ assay of a water-soluble milk vitamin con- 
centrate from which the fat, casein, albumen and a substantial 
proportion of the milk sugar had been removed showed an anti- 
neuritic potency substantially 25 per cent of that of rice polish- 
ings, according to the curative technique with pigeons. 

Desiccated whey solids, assayed according to the curative 
technique with pigeons showed an antineuritic potency of not 
more than 10 to 12 per cent of that of rice polishings, or slightly 
less than one-half that of the water-soluble milk vitamin 
concentrate. 
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PLATE 1 

Piaron 46A with PoLYNEURITIS REACTION AFTER NINETEEN Days ON POLISHED 
Rice Distr 
PLATE 2 


Pigeon 46A Five Hours arrer RECEIVING A 2-GRAM Dose OF THE WATER- 
SOLUBLE VITAMIN CONCENTRATE OF MILK 


Characteristic polyneuritis symptoms have disappeared; protection lasted for 
five days. 
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MALT FLAVOR IN RAW MILK PRODUCED BY 
MICROCOCCUS* 


P. H. TRACY anv R. J. RAMSEY 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 


During the past summer (1930) a malt-like flavor was detected 
in some of the raw milk delivered at the University Creamery. So 
objectionable was this flavor that some of the affected milk could 
not be used for market milk purposes. Pasteurization did not 
remove the defect entirely. 

As the acidity of this milk usually was not over 0.18 per cent 
the flavor was first attributed to feed the cows had eaten. A 
survey of the pasture and feed lot on one of the farms sending in 
the malt flavored milk, however, failed to reveal any weeds or 
other feeds that might possibly cause the defect. The milk was 
stored over night in cans in an outside galvanized iron tank away 
from feed odors. It was found that the first milk through the 
milking machine developed much more of the off-flavor. It was 
also noted that the night’s milk only was affected at the time of 
delivery to the plant at about 9 a.m. The milking machine, 
according to the farmer’s statements, was washed once a day and 
was rinsed with a sodium hypochlorite solution before using. 
Examination of the machine showed the rubber parts to be in 
rather poor condition, being full of small crevices on the inside. 
Upon replacing these tubes with new ones, the flavor disappeared 
for a few days but later returned suggesting the possibility of 
bacteria as being the cause of the malt flavor. 


EXPERIMENTAL 


A malt flavor in milk and butter was studied by Hammer and 
Baker (1) and found to be caused by Streptococcus lactis var. 
maltigenes. They report the flavor and odor as being very 
apparent in certain raw milks and creams entering dairy plants 
at acidities under 0.2 per cent. They also state that the defect 
was found to be more evident in summer than winter. The 
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optimum temperature for growth of the bacteria and develop- 
ment of the flavor was given as 37°C. 

In our studies an organism (culture 20) was isolated from some 
of the malt-flavored milk, which, when grown in pure culture at 
68°F ., reproduced the flavor defect to some extent. This organ- 
ism is not the same as the one reported by Hammer and Baker, 
being a micrococcus of aureus type.' It was noted that in all 
the milk that had a pronounced malt flavor a spore-forming organ- 
ism of the B. subtilis group was commonly present (culture 1). 
Although culture 20 alone will produce a slight malt flavor, the 
presence of culture 1 seems necessary for a distinct flavor de- 
velopment, indicating an associative action between the two orga- 
isms. It may be that enzymes produced by culture 1 make it 
possible for certain proteolytic actions of culture 20 to progress 
more rapidly. This was evidenced by the fact that the addition 
of pepsin and rennet to separate inoculations of culture 20 re- 
sulted in a decrease in time required for the malt flavor to appear. 

It was observed that the most pronounced malt flavor occurred 
in those raw milks in which there was a predominance of cultures 
1 and 20. The flavor was not so evident when acid-forming 
bacteria were present. It was also noticed that insome instances 
a strong malt flavor would be present, but would later disappear 
after the milk stood at room temperature for a few hours. 


OCCURRENCE 


Plant men in various parts of the country during the past 
summer and fall have complained of a feed-flavor in raw milk 
which, in some cases, they attributed to the cows eating weeds, 
because of the shortage of grass pasture. Examination of some 
such milk by one of the authors revealed the fact that the flavor 
was identical to the malt-flavor of bacterial origin. A study 
made at a central Illinois dairy showed that the milk delivered 
by twenty of the three hundred producers had the malt-flavor. 
Organisms similar to culture 20 in appearance and in ability to 

1 A culture of S. lactic var. maltigenes secured by the authors from Hammer 


when grown in pure culture produced a very potent malt flavor identical to the 
one produced by the micrococcus. 
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produce malt flavors have been isolated from the milk delivered by 
twenty of the twenty-two University milk patrons. However, 
the milk from only three of these patrons has been a serious 
source of the flavor. 

Malt-flavor producing micrococcus organisms were found in 
aseptically drawn milk from the udders of twenty-four apparently 
healthy cows on three farms producing milk containing the off- 


flavor. The companion organism (culture 1) was found to be 
TABLE 1 
Description of cultural characteristics of organisms producing malt-like flavor 
in milk 
CULTURE 20 CULTURE | (SUBTILIS GROUP) 
Form—Arrangement........... Packets—coccus Long rods in chains 
+ 
~ + 
Orange Dirty white 
Udder Hay, soil 
Colony formation............. Small punctiform | Flat spreading 6mm. 
1 mm. 
H,s from peptone............. - - 
Nitrites from peptone......... - - 
Nitrites from nitrates. ........ + + 
Starch hydrolysis.............. - + 
Very slow acid | Slightly acid rennet curd 
curd 
Acid, no gas Acid, no gas 
Lactose .| Acid, no gas Acid, no gas 
Acid, no gas Acid, no gas 
Glycerol .| Acid, no gas Neutral, no gas 


rather commonly distributed on utensils and in the soil ofthe 


barnyards. 


CULTURAL CHARACTERISTICS 


The cultural characteristics of the two organisms (1 and 20) 
responsible for the malt-flavor in milk are given in table 1. 
When a purified casein solution was inoculated with cultures 
1 and 20, malt-like odors were obtained suggesting a protelytic 


action. 


In methylene blue milk, reduction took place in one | 


" 
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instance in two hours and fifteen minutes with a count of 700,000 
and in another case in one hour and forty-five minutes with a 
count of 1,600,000. 


TABLE 2 
Effect of pasteurization upon culture 20 


Sample Bacteria per ce 

1,056,000 
TABLE 3 
Relation of temperature to the development of malt-like flavor in milk 
COUNT WHEN 
TIME WHEN FLAVOR FIRST DETECTED PRONOUNCED FLAVOR 
2. per cc. per ce. 
60 (1) 50,000 | No malt-like flavor even after | 3 days total count 
(20) 630,000 72 hours (cheesy odor) of 15,000,000 
68 (1) 180,000 (1) 920,000 
(20) 680,000 20 hours (20) 4,800,000 
85 (1) 111,000 (1) 880,000 
(20) 920,000 9 hours (20) 9,500,000 
100 (1) 150,000 (1) 800,000 
(20) 1,420,000 6 hours (20) 9,000,000 


THERMAL DEATH POINT (ABSOLUTE) 


That a micrococcus causing a malt flavor in milk may be respon- 
sible for diarrhea and other intestinal disturbances was suggested 
by Ramsey and Tracy (2). In view of the fact that our data 
suggest that this type of organism may be of rather common 
occurrence, it seems that its resistance to pasteurizing tempera- 


: 

t 

* 
; 
a 


MALT FLAVOR IN RAW MILK 461 


tures would be of importance from the public health standpoint. 
As shown by data in table 2, the organism is destroyed by ordi- 
nary pasteurizing procedures. Culture 1, however, was found to 
survive pasteurization and was not completely destroyed even at 
boiling temperatures. 


Fic. 1. PHOTOMICROGRAPH OF CULTURE 20 (Micrococcus) AND CULTURE 1 (BAcIL- 
Lus) Wuich WERE Founp To Propuce a Matt FLAvor MILK 


Organism 20 will produce the flavor when grown in pure culture but when cul- 
ture 1 is present a much more pronounced malt flavor results. (Magnification 
1130.) 


IMPORTANCE OF TEMPERATURE IN DEVELOPMENT OF MALT FLAVOR 


In studying the occurrence of the flavor in rawmilk delivered 
at the plant, it was noted that the defect was most common when 
the nights were warm. Table 3 shows the relation existing be- 
tween temperature and the development of the flavor in milk. 
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Although the defect occurred sooner in samples held at the higher 
temperatures (85° to 100°F.), the most characteristic flavor was 
in the milk held at 68°F. It is interesting to note that the flavor 
failed to develop in the milk held at 60°F. even after seventy-two 
hours with a count of 15,000,000, which probably explains why 
the flavor is most common in summer months. 


SUMMARY AND CONCLUSIONS 


Data have been presented to show that an objectionable malt- 
flavor in milk may be caused by the action of a microcoecus of 
aureus type (culture 20). It was also found that when an organ- 
ism of the B. subtilis group (culture 1) was also present, a much 
more pronounced malt-flavor resulted. The presence of acid- 
forming bacteria retarded the development of the flavor. 

The flavor defect was found to be rather common in raw milks 
entering certain milk plants during the summer months. Not all 
the samples containing the suspected organisms had the flavor at 
the time they arrived at the plant. In some instances, the flavor 
disappeared from samples held at room temperature. 

Utensils were found to be a direct source of the large rod (cul- 
ture 1), while the coccus forms (culture 20) were found in the 
udders of cows in suspected herds. 

Neither the coccus or the rod-shaped organisms were found to 
produce gas. They were proteolytic in their action. Pasteuri- 
zation of pure cultures of the coccus organisms (culture 20) at 
142°F. resulted in their death after twenty minutes, whereas, the 
rod-shaped organisms (culture 1) were found to survive even 
higher temperatures. 

The malt flavor was found to develop most rapidly in milk held 
at 85°F. and 100°F. although a more characteristic flavor was 
noted in the milk held at 68°F. The defect failed to develop in 
milk held at 60°F. for three days. 
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(2) Ramsey, R. J., anp Tracy, P. H.: Food poisoning probably caused by orange 
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A STUDY ON METHODS FOR DETERMINING NUMBERS 
OF MOULDS AND YEASTS IN BUTTER* 


I. THE RELATION OF THE pH OF THE MEDIUM 
A. H. WHITE anv E. G. HOOD 
Division of Dairy Research, Department of Agriculture, Ottawa, Canada 


The rapid development in the use of the routine mould and 
yeast analysis of butter as an index of the sanitary conditions 
and the efficiency of manufacturing processes in the creamery 
make it desirable that uniform procedures be adopted if the 
results from different laboratories are to be comparable. In 
Canada, uniform methods for mould and yeast analysis are 
especially necessary due to provincial mould and yeast competi- 
tions and to the adoption of the modified score card (1) for ex- 
hibition butter. 

The importance of adopting uniform procedures for the micro- 
biological analysis of butter was recognized by the American 
Dairy Science Association and the report (2) of the sub-com- 
mittee studying this question has been published recently. 

In a study of the media commonly used by various workers in 
analyzing butter for moulds and yeasts, Hood and White (3) 
found that one of the most variable factors was the final pH of 
the media which ranged from 3.4 to 4.6. When the pH value of 
the medium was higher than 3.8 numerous bacterial colonies 
were present on the plates which increased the total number of 
colonies greatly, made counting difficult, and introduced in- 
accuracies in the yeast count. From the results of this study the 
authors recommended a final pH of 3.5.+ in the medium for 
Canadian laboratories. 

Clerkin (4) also found that as the pH value of the medium 
varied from 3.5 to 6.0 the total number of colonies of bacteria 
and yeasts increased but that the ratio of bacteria to yeasts in- 
creased with the higher pH values. This author concludes that 
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the medium used must have a pH of 3.5 + before the plate 
counts obtained could, with safety, be regarded as consisting 
entirely of yeasts. 

Hammer (5) states that 1 cc. of 1 per cent tartaric acid solution 
per plate (8 to 10 cc. medium) gives satisfactory results but does 
not limit the growth of bacterial colonies, and that with greater 
amounts of acid there is a gradual decrease in the number of 
yeasts developing. 

The divergence of opinion among the various workers, as 
evidenced by the final pH of the medium they employed, sug- 
gested that a study be made of the relation of the pH of the me- 
dium, firstly, to the growth of pure cultures of yeasts isolated from 
butter, and secondly, to yeast counts as obtained from butter 
itself. 


METHODS 


For the first part of the study, 63 cultures of yeasts were 
isolated from numerous samples of commercial and exhibition 
butter representative of all parts of Canada. The yeasts were 
isolated from plates poured with a malt agar medium pH 5.5 + 
and picked to malt agar slopes. For purification purposes the 
cultures were then transferred to beer wort broth and high 
dilutions of the broth culture were plated using malt agar. Well 
isolated yeast colonies were transferred again to malt agar slopes 
at pH 5.5 from which further transfers were made during the 
investigation. 

Before plating, the yeasts were grown in malt extract broth 
pH 4.8 + for twenty-four hours at 25°C. at which time all cultures 
had produced good growth. Suitable dilutions were then made 
by transferring one loopful of the twenty-four-hour malt broth 
culture to a sterile 99 cc. water blank, and 1 cc. of this dilution 
was used for plating. 

For the second part of the investigation 50 samples of butter 
were analyzed and included both pasteurized and unpasteurized 
butter representative of different grades according to Canadian 
standards. A preliminary mould and yeast count of the butter 
was made and then a dilution of either 1:10, 1:100, or 1: 1000 was 
used for plating according to the preliminary count. 
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Both the pure yeast cultures and butter samples were plated 
on dehydrated malt agar (Difco) as this medium had been pre- 
viously recommended by Hood and White (3) in their tentative 
methods for mould and yeast analysis. The medium was acidi- 
fied to pH values of 3.0, 3.4, 3.8, 4.2 and 4.6 just before plating 
with a 5 per cent solution of lactic acid (U. 8. P. 85 per cent). 
A LaMotte colorimetric hydrogen ion testing set was used to 
standardize the pH of the medium using bromphenol blue as an 
indicator. These pH values were selected because they repre- 
sented the range of the final pH of the different media used by 
various workers. 

For both yeast cultures and butter samples, plates were poured 
in duplicate for each pH value of the medium and incubated at 
25°C. for five days. Counting was done with the naked eye and 
the results expressed as the average counts of the duplicate 
plates. 

Before counting, the plates from the butter samples were care- 
fully examined with a good hand lens to pick out if possible any 
bacterial colonies. Only colonies that appeared to be yeasts were 
counted and recorded. After counting, a microscopic examina- 
tion of stained smears of 12 colonies from each plate was made. 
These colonies were picked from a representative area of one 
plate of each sample, and were typical of all colonies that were 
counted in this area. When bacterial colonies were found, the 
ratio of bacterial colonies to yeast colonies was considered to 
be representative of the whole plate and the counts were cor- 
rected accordingly. 


RESULTS FROM PLATING PURE CULTURES OF YEASTS 


In table 1 the average counts of duplicate plates for each pH 
value of the 63 yeast cultures used in this investigation are tabu- 
lated. 

The results in table 1 show that the number of colonies from 
individual yeast cultures growing at the different pH values of 
the medium compare favourably with one another when the 
limitations of the plate method are taken into consideration. 
For cultures 15, 24, 27, 55 and 62 there was a noticeable decrease 
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TABLE 1 
Counts of yeast cultures on media of different pH values 


NUMBER OF CULTURE pH 3.0 pH 3.8 


159 


8 


18 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
47 
48 


466 
pH 4.2 pH 4.6 
1 r 157 169 186 167 
2 = 206 234 206 231 
3 | 18 20 17 19 
4 362 346 364 350 
5 210 227 216 219 
6 232 222 251 237 
7 343 424 385 389 
8 212 189 203 205 
10 310 318 
ll 404 434 
13 179 176 
15 23 19 
17 80 80 
18 62 71 
19 111 108 
20 223 204 
21 270 272 
119 127 
127 136 
186 180 
68 68 
39 48 
28 27 
295 275 
86 84 
654 670* 
147 142 
40 33 
142 135 
187 173 
363 360 
145 137 
182 203 
193 193 
300 311 
319 315 
328 336 
235 249 
407 334 
234 214 
132 = 165 146 
381 | 443 418 
447 465 439 
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TABLE 1—Concluded 


NUMBER OF CULTURE pH 3.0 pH 3.4 pH 3.8 pH 4.2 pH 4.6 
49 388 413 401 401 374 
50 345* 361 389 353 333 
51 346 354 357 348 335 
52 222 212 228 252 231 
53 315 342 330 312 317 
54 200 190 182 174 164 
55 177 584 588 573 582 
56 360 416 387 420 409 
57 254 231 251 257 236 
58 704 707 736 702 722 
59 629 692 651 656 651 
60 106 118 98 125 105 
61 437 441 476 AAA 453 
62 0 327 323 335 303 
63 137 139 119 125 165 
64 662 626 663 664 640 
65 199 202 209 228 212 
66 330 325 326 327 318 
67 713 689 707 647 673 
69 200 196 212 213 213 
Average of all 
cultures... .... 252 266 271 269 265 


* Counts for one plate only. 


in the number of colonies on the medium with a pH of 3.0 but 
there was no significant difference in the counts of these cultures 
at pH 3.4 to 4.6, and for the remaining cultures there was no 
great variation in the counts at the different pH values. 

The average counts at each pH of the medium for all cultures 
did not show any significant differences; the highest average count 
of 271 was obtained at a pH of 3.8 and the lowest average count 
of 252 was for a pH of 3.0, a difference of only 19 colonies. The 
difference between the average counts at pH values of 3.4 to 
4.6 was only 6 colonies. 

The variation between the high and low average counts ob- 
tained at the different pH values was only 7 per cent, while for 
individual cultures the greatest variation in the counts at pH 3.4 
to 4.6 was 30.7 per cent for culture 24, and the smallest variation 
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was 2.8 per cent for sample 66. For 25 cultures there was a 
difference of less than 10 per cent between the high and low 
counts, and for 55, or 87 per cent, of the cultures the difference 
did not exceed 20 per cent. 

The results also show that the high and low counts of in- 
dividual cultures were obtained at all pH values of the medium. 
Ten of the cultures had high counts even when the medium had 
a pH of 3.0, while the low counts for 20 of the cultures were 
obtained at this pH value. However, as none of the media com- 
monly used in analyzing butter for moulds and yeasts is acidified 
to pH 3.0, the counts obtained at this pH are not considered 
further but are of interest in that they indicate that many of the 
yeasts commonly found in butter are able to grow and develop 


TABLE 2 
Showing the distribution of the high and low counts of individual cultures according 
to the pH value of the medium 


pH or mepium WITH wITH 
3.4 12 21 
3.8 20 14 
4.2 22 12 
4.6 6 13 
Total cultures........... 60 60 


at a pH value lower than is commonly used for mould and yeast 
control work. 

In table 2 a summary is given showing the distribution of the 
high and low counts for pH values of 3.4 to 4.6. 

In addition to the 60 cultures summarized above, the high 
counts for three cultures were the same at pH values of 4.2 and 
4.6, and the low counts for three cultures were the same at two 
different pH values. 

These figures clearly show the even distribution of the high 
and low counts from the individual yeast cultures over the differ- 
ent pH values, and indicate that the yeasts used in this study 
were able to grow equally well over the range of pH studied. 

After counting, all plates were examined carefully to determine 
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if the pH of the medium had any effect on the size of the colonies. 
In the case of ten cultures, representative surface colonies were 
measured and there was found to be no appreciable difference in 
the size at any pH value. To the eye, the subsurface colonies of 
some yeast cultures seemed to grow slightly larger at pH values 
of 3.8 to 4.6 than at pH values of 3.0 and 3.4, but with the 
majority of the cultures there was no apparent difference in the 
size of subsurface colonies. 

There was a good development of the yeasts on all plates after 
five days at 25°C. and all colonies were discerned easily with the 
naked eye. 


RESULTS FROM PLATING BUTTER SAMPLES 


In table 3 the numbers of yeast colonies from butter samples 
are recorded which appeared on the medium at different pH values. 

A study of the data presented in table 3 shows that for the 
majority of the samples there were no marked differences in the 
number of yeast colonies that developed at pH values of 3.4 to 
4.6, and in many cases the counts at pH 3.0 were comparable 
to the other counts. These results also show that the maximum 
and minimum counts for individual butter samples occurred at 
all pH values of the medium, excluding the counts at pH 3.0 
which is considerably below the range of pH of the media com- 
monly used for routine yeast and mould analysis of butter. 

One sample had the highest count at a pH of 3.4, 8 samples 
at a pH of 3.8, 19 at a pH of 4.2, and 22 at a pH of 4.6. The 
minimum counts were also found at every pH as follows: 33 
samples at a pH of 3.4, 8 at a pH of 3.8, 2 at a pH of 4.2, and 5 
at a pH of 4.6, with one sample having the same count at pH 
values of 3.4 and 4.6, and another at pH values of 3.4, 3.8 and 
4.2. 

While maximum and minimum counts were found at all pH 
values of the medium, the general trend of the results showed that 
the number of yeast colonies decreased slightly as the pH of the 
medium increased. This is more clearly shown in the average 
number of yeast colonies and the average estimated yeast counts 
for each pH value of the medium as summarized in table 3. 
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TABLE 3 
The number of yeast colonies from butter samples for each pH value of the medium 

SAMPLE NUMBER DILUTION pH 3.0 pH 3.4 pH 3.8 pH 4.2 pH 4.6 
1 1:1,000 19.0 35.5 36.5 45.5 59.0 
2 1:100 142.5 156.5 179.0 189.0 183.0 
3 1:100 343.5 393.5 425.0 411.5 455.0 
4 1:100 13.0 17.5 21.0 17.0 13.5 
5 1:1,000 44.0 51.0 55.5 63.5 67.0 
6 1:1,000 131.0 141.0 148.5 144.0 135.5 
7 1:10 69.5 122.0 170.0 185.5 180.5 
10 1:100 95.0 81.0 69.0 83.5 99.0 
11 1:10 7.0 6.5 9.5 13.0 12.5 
12 1:10 5.5 7.0 9.0 11.5 10.5 
13 1:10 2.5 4.5 4.5 4.5 5.0 
14 1:100 126.0 151.5 179.5 174.5 195.0 
15 1:100 11.0 18.0 26.5 34.0 31.0 
16 1:100 20.0 21.5 32.0 35.0 31.0 
17 1:100 59.0 56.0 66.5 85.0 81.5 
18 1:100 18.5 21.5 25.0 31.0 35.0 
19 1:100 17.5 15.5 21.0 16.0 23.0 
20 1:10 132.5 133.0 133.5 147.0 124.5 
21 1:10 10.0 24.5 24.0 29.0 34.0 
22 1:10 2.0 4.0 6.5 4.5 6.0 
23 1:10 286.0 410.5 440.5 462.0 445.5 
24 1:100 47.5 65.0 72.0 69.5 68.0 
25 1:100 35.0 47.5 66.0 62.0 53.0 
26 1:10 7.0 13.0 22.0 27.0 30.5 
27 1:10 17.0 46.0 42.5 39.0 52.0 
28 1:10 14.5 23.5 36.5 38.0 39.5 
29 1:10 48.0 45.0 71.0 83.5 73.0 
30 1:1,000 236.5 217.5 241.5 252.5 291.5 
31 1:100 13.5 35.5 61.5 71.5 74.5 
32 1:100 60.0 76.5 77.0 85.0 84.0 
33 1:10 19.5 21.5 20.0 22.0 26.0 
34 1:10 165.0 187.0 179.5 189.0 186.5 
35 1:100 38.5 41.5 59.5 52.5 49.5 
36 1:100 49.0 44.0 58.0 61.5 67.0 
37 1:100 34.5 34.0 33.0 46.5 55.5 
38 1:100 13.0 28.0 28.5 32.0 28.0 
39 1:100 24.0 28.0 30.5 34.0 31.0 
40 1:10 52.0 67.0 90.0 102.5 118.5 
41 1:100 587.5 692.0 692.5 692.0 671.5 
42 1:10 207.5 227.5 252.5 235.5 258.5 
43 1:10 193.5 302.0 288.5 307.5 290.5 
46 1:100 262.0 280.5 298.5 297.0 283.5 
47 1:1,000 39.0 45.0 54.0 66.5 63.0 
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TABLE 3—Concluded 


SAMPLE NUMBER DILUTION pH 3.0 pH 3.4 pH 38 pH 4.2 pH 4.6 

48 1:1,000 9.5 16.5 17.5 15.0 20.5 

49 1:100 33.0 32.0 30.5 34.0 30.0 

50 1:100 96.0 90.0 113.5 117.0 108.0 

52 1:100 4.0 6.0 7.0 14.0 11.5 

53 1:100 112.0 132.5 121.0 130.0 124.0 

54 1:100 375.5 403.5 453.0 438.5 471.0 

55 1:100 31.5 41.5 40.0 45.5 53.5 

Averages 50 samples .... 87.6 103.2 112.8 116.9 118.8 
Estimated average 

yeast count.......... 15,153 16,480 18,003 18,838 19, 930 


Although these figures show lower average yeast counts at the 
lower pH values of the medium, the variations in the counts at 
pH values of 3.4 to 4.6 are not great enough to be of practical 
significance in routine analysis of butter. The maximum average 
number of colonies per plate at pH 4.6 was only 13.5 per cent 
greater than the minimum average at a pH of 3.4, and the varia- 
tion between the maximum and minimum estimated yeast counts 
per cubic centimeter of butter was approximately 17 per cent. 

For individual samples, the greatest percentage difference in 
the counts was for sample 26, the minimum count being 57.4 
per cent lower than the maximum count, while the smallest 
variation was 3.1 per cent for sample 41. The average variation 
for all samples was approximately 27 per cent. In general the 
widest percentage variations in the counts occurred in the case of 
samples where there were comparatively few colonies appearing 
on the plates due to using too high dilutions or to samples being 
moderately low count butter. 

In table 4 is shown the distribution of the samples of butter 
according to the percentage variation in the counts when the 
medium was acidified to pH values of 3.4 to 4.6. 

These figures show that 42 samples, or 84 per cent, had a varia- 
tion of less than 40 per cent between maximum and minimum 
counts, with only 8 samples having variations of over 40 per cent. 

As previously mentioned in the outline of the methods of this 
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study, all plates from butter samples were examined for bacterial 
colonies, and a microscopic examination made of stained smears 
of twelve representative colonies from a selected area of the 
plate. This examination showed that, in the case of 40 samples 
of butter, bacterial colonies were easily distinguishable at pH 
4.2 and 4.6. Many of the plates were crowded with bacterial 
colonies, while in others only a few were evident. 

With 14 samples of butter some of the subsurface colonies that 
were counted as yeasts were found to be bacteria on a micro- 
scopic examination of the smears. In all cases, with one excep- 
tion, not more than two bacterial colonies were found in the twelve 
that were examined. On none of the plates were bacterial col- 


TABLE 4 
The distribution of butter samples according to the percentage variation in the yeast 
counts at different pH values 


PER CENT VARIATION NUMBER OF SAMPLES PER CENT OF SAMPLES 
Less than 10 7 14 
10-20 ll 22 
20-30 10 20 
30-40 14 28 
40-50 4 8 
Over 50 4 8 
Total samples........... 50 100 


onies evident at pH 3.0, 3.4 or 3.8, nor were any bacteria found 
on the examination of the smears under the microscope. 

As with the pure yeast cultures all plates were carefully ex- 
amined to determine if the pH of the medium made any notice- 
able difference in the size of the yeast colonies. There was no 
apparent difference in the size of the surface colonies at any pH, 
and the colonies that were present on the medium of pH 3.0 
and 3.4 grew and developed as well as at the higher pH values. 

The number of moulds appearing on the plates were very few, 
many of the samples of butter showing no mould growth at any 
pH of the medium. For the samples that showed mould growth, 
there was practically no difference in the numbers developing 
on the plates at any pH. 
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DISCUSSION OF RESULTS 


From the results obtained in the study of representative yeasts 
isolated from Canadian pasteurized butter, it was apparent that 
all cultures were able to grow equally well over a range of pH 
values from 3.4 to 4.6 which represented the range of pH of the 
media commonly used for routine mould and yeast analysis of 
butter, while the majority of samples were able to make good 
growth even at a pH of 3.0. 

These results showed that a pH of approximately 3.5+ had 
no detrimental effect on the development of butter yeasts, and 
as there was no apparent difference in size of colonies or rapidity 
of growth, the data indicated that a medium of pH 3.5+ would 
give as satisfactory yeast counts from butter as a medium of pH 
4.2 or 4.6 which is commonly used by some workers. 

For the butter samples, while the general trend of the results 
was for the number of yeast colonies to decrease as the pH of the 
medium increased, the data reported do not show differences in 
the counts great enough to be considered significant in the routine 
analysis of butter for moulds and yeasts. 

Furthermore, the decrease in the counts was not consistent for 
individual cultures and maximum and minimum counts were 
obtained at all pH values, excluding the counts at pH 3.0. The 
average variation in the counts of individual samples and the 
difference in the average counts at each pH were less than found 
by several workers (6, 7, 8) in making a series of plate counts of 
the same sample of milk and using the same medium. This is 
also true in regard to the results from pure yeast cultures and 
would indicate that the variations in the yeast counts as shown 
by these data were probably due more to technique and personal 
factors than to the difference in the pH of the medium. 

The results also show that when the medium had a pH of 4.2 
and 4.6, bacterial colonies were always present on the plates, 
while at pH 3.0, 3.4, and 3.8 no bacterial colonies were evident 
although Hood and White (3) in previous work found a few bac- 
teria when media had a pH of 3.8. Even when the plates at 
pH values of 4.2 and 4.6 were carefully examined with a hand 


474 A. H. WHITE AND E. G. HOOD 


lens, and in some cases with the low power lens of a microscope, 
some bacterial colonies were counted as yeasts and were only dis- 
tinguishable by a microscopic examination of stained smears. 
This fact, no doubt, increased to some extent the counts obtained 
at pH 4.2 and 4.6. 

Such a time consuming practice as the examination of colonies 
under the low power lens of a micrsocope and of making stained 
smears of doubtful colonies would be impractical in the control 
laboratory making a routine analysis for moulds and yeasts of a 
great many samples of butter per day. 

When the medium is acidified to a pH of 3.5+ the growth of 
bacteria on the plates is inhibited and the laboratory worker is 
reasonably sure that all colonies are yeasts. This not only makes 
for greater ease and quickness in counting but eliminates the 
error due to the inclusion of bacterial colonies, which would tend to 
give greater uniformity to mould and yeast counts when made 
by different workers. This is important in Canada where results 
from different laboratories are used for comparative purposes 
and where such counts are taken into consideration in scoring 
exhibition butter. 

In this connection it is interesting to note that while the yeast 
counts for butter samples at pH 3.4 and 3.8 were slightly lower 
in general than at pH 4.2 and 4.6 there was not a sufficient 
difference to change the rating of the count according to the 
classification (9) as used in Canada, nor to change the numerical 
score given for mould and yeast counts by the modified score card 
(1) for butter. Thus there is no advantage in using a pH of 4.2 
or 4.6 for mould and yeast work and there is the decided dis- 
advantage of having bacterial colonies on the plates at the higher 
pH values which tends to introduce errors in the counts. 


SUMMARY AND CONCLUSIONS 


The data presented show that for pure cultures of yeasts there 
was no significant differences in the average counts or the counts 
of individual cultures at all of the pH values used. Maximum and 
minimum counts of individual cultures were obtained at all pH 
values. For butter samples, the data showed that in a general 
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way the yeast counts decreased slightly as the pH of the medium 
increased but the differences in the counts were insignificant at 
pH values of 3.4 to 4.6 for routine control work. 

At pH values of 3.4 and 3.8 no bacterial colonies were found 
on the plates. For the majority of the butter samples, however, 
many bacterial colonies were evident at pH values of 4.2 and 
4.6. Although the majority of the bacterial colonies were easily 
distinguishable some were included in the counts as yeasts even 
after a careful examination of the plates, which introduced errors 
in the counts. 

The pH of the medium had no apparent effect on the size or 
rapidity of growth of the yeast cultures from the pure cultures of 
yeasts and from butter. 

While few samples had mould counts high enough to obtain 
much comparative information, there was no indication that the 
growth of moulds was affected by the pH values of the medium 
used in the study. 

As the data show that pH values of 3.4 to 3.8 in the medium 
effectively inhibits the growth of bacterial colonies, but does not 
affect significantly the mould and yeast counts of butter, a pH 
of 3.5+ which allows for a margin of safety in standardizing 
the medium is considered to be most satisfactory for the routine 
analysis of butter for moulds and yeasts. 
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Helping Produce New York State's 
Finest Pasteurized Milk 


scoring pasteurized milk in New York State was 
awarded Wm. Weckerle & Sons, Inc., of Buffalo. 

A De Laval No-Foam Clarifier removed every trace of 
sediment from the Weckerle milk so that a perfect sedi- 
ment score was obtained for all samples. 

In other ways, too, the No-Foam Clarifier helped the 
Weckerle milk attain a final average score of 97.3. 

Cold milk clarification, for example, is a feature of this 
De Laval machine. Although milk can be clarified with 
it at almost any temperature, the desirable range is from 
just above freezing to 50°F., for the reason that within 
these limits there is no bacterial growth. Use of appara- 
tus requiring higher temperatures often produces a rapid 
multiplication of bacteria—especially thermophilic and 
flavor destroying organisms. These find no place to 
develop in the Weckerle plant and bacteria counts on 
the pasteurized milk are consistently below 10,000 
colonies per C.c. 

The constantly increasing demand for Weckerle's 
“Clarified and Perfectly Pasteurized Milk’’ has recently 
made necessary a second De Laval No-Foam Clarifier. 

If you are interested in improving your product as a 
means of increasing sales, write today for the No-Foam 
Clarifier Catalog and complete information. 


Eee 1930 Gold Medal for producing the highest 


THE DE LAVAL SEPARATOR CO. 
165 Broadway, New York 600 Jackson Blvd., Chicago 
DE LAVAL PACIFIC COMPANY, 6: Beale Street, San Francisco 
THE DE LAVAL COMPANY, Liurrep 

Peterborough Winnipeg Vancouver 


wo” =DeLaval Milk Clarifier 


Your advertisement is being read in every State and in 25 Foreign Countries 
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—MAKE THIS 
SIMPLE TEST 
—AND YOU WILL 
ALSO STERILIZE 


with B-K 


o_o B-K Plan provides the sim- 
plest, most economical and most 
effective method of sterilization. The 
following test shows the quick-acting 
erm-killing power of B-K. 
WITHOUT B-K 


Bottle No. 1 was washed with hot 
water and cleansing powder and 
brushed—then rinsed with clear 
water. No B-K used. Bacteria 
remaining in bottle 116,500. 


WITH B-K 


Bottle No. 2 was washed with 
hot water, cleansing powder and 
brushed. THEN B-K RINSED. 
Bacteria remaining in the bottle 
only 50, practically sterilized. 


Black area in each bottle shows the 
amount of bacteria left after each method 
was used. 


B-K is the most convenient sterilizer 
to use . . . simply dilute with water 
as directed. In most plants only a 
few ounces of B-K per day are neces- 
sary to sterilize all bottles, utensils 
and equipment. 


Other interesting data will be sent on 
request. 


GENERAL LABORATORIES, INC. 
929 Dickinson St., Madison, Wisconsin 


B-K is a quick-acting germ killer . 
always uniform in quality, positive 
in results, inexpensive to use, and 
manufactured under the strictest 
laboratory control. 


Power fot 


OWERFUL GERM Kilige & 


On the Alert 


OME'S greatness owed much to 
the cordon of Towers that girt 

the Empire. “Alerto!" was the watch- 
word; they were always on the alert. 


So, today, contributing a big share 
to Dairy Science, stand KVP Research 
Laboratories, real “towers” of 
strength, on the alert to see that 
your products shall be delivered as 
good as when produced. 


KVP is constantly working on new 
ideas of food-protection, inventing 
new economies in production, raising 
the quality of specialized papers, 
without increasing price. Your indi- 
vidual problems are welcomed. 


PROTECTIVE 


PAPERS 


KALAMAZOO 


_ VEGETABLE PARCHMENT COMPANY 


| 


KALAMAZOO - MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Branch Offices: 


THE VISIBLE GUARANTEE OF 


At the plant of the Kimble Glass Com- 
pany at Vineland is produced the larg- 
est and most complete line of high quality 
test and control glassware—“ America's 
Standard for Assured Accuracy.” 
Not only in the Dairy field 1s Kimble 
Glassware outstanding, but it is also in 
daily use throughout the country in 
chemical, metallurgical, clinical, edu- 
cational and research laboratories. 

Complete Catalog mailed free on request. 
Kimble equipment isstocked for prompt 
delivery by reliable Dairy Supply 
firms in the United States and Canada. 

A cordial invitation is extended to our friends 
to visit the Kimble Booth (No. 723) at the 
Atlantic City Dairy Show. A full line of Kimble 
Dairy Glassware will be strikingly exhibited. 


INVISIBLE QUALITY 


KIMBLE GLASS COMPANY 


Principal Office and Plent, Vinelend, N. J. 


New York, 1440 Broadway Philadelphia, Public Ledger Bidg. Boston, 13) State St. Chicago, 402 W Randolph S Detrot, General Motors Bidg 


GLASSWARE OF ASSURED ACCURACY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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“Not a manufactured product, not a_ collection 
of theories —It Grew!”’ 


PREPARATION OF 
SCIENTIFIC AND TECHNICAL 
PAPERS 


By 
SAM F. TRELEASE 


and 


EMMA SAREPTA YULE 


A Manual for the use of those who write on scientific or technical 
subjects. 


Second Edition—Revised and Enlarged 


SUGGESTIONS ON SUBJECT MATTER AND ARRANGEMENT 
Tue Correct Use or TENSES 
PREPARATION OF TYPEWRITTEN Copy 


CORRECTIONS AND ALTERATIONS ON MANUSCRIPT--WHAT TO 
AVoID 


INDICATING TYPE TO BE USED 
CAPITALIZATION AND ITALICIZATION - 
ABBREVIATIONS—CORRECT AND INCORRECT 
TABLES, FOOTNOTES, ETC. 

PREPARING TABLE OF CONTENTS AND INDEX 
READING AND CORRECTING PROOF 


Everything in short to answer the various maddening questions 
which arise whenever thoughts go on paper with a view of 
publication. 


$1.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Pure Nickel... holders and heaters 


Two 12,000 tb. per hour Pure Nickel-lined “Mortensen” holders and one “Standard” heater 
with Pure Nickel tubes at plant of Ebling Creamery, National Dairy Products Corp., Detroit, 
Mich. Manufactured by STANDARD MILK MACHINERY COMPANY, Louisville, Ky. 


Measure up to modern 
standards of economy! 


DAY’S high standards of milk 
plant economy are based upon the 
experience of dairy plants all over the 
country which have discovered for 
themselves the superiority of Pure 
Nickel equipment. 

In this one metal — Pure Solid 
Nickel — is found all of the essential 
properties demanded by the highest 
authorities on dairy equipment. Pure 
Nickel cannot rust. It resists corro- 
sion. It does not contaminate or in 
any way impart a foreign taste to 


the product. 


THE INTERNATIONAL NICKEL COMPANY, . 


Pure Nickel’s smooth, non-coated, 
lustrous surface is easily cleaned and 
kept clean with a minimum amount of 
effort ...its remarkable toughness and 
strength add years to equipment life. 

For economy’s sake, be sure your 
next equipment is Pure Solid Nickel. 
Investigate! Consult your regular 
manufacturer or write direct for 
complete information. 


SEND FOR 

“TECHNICAL 

PUBLICATION 
NO. 192" 


INC., 67 WALL STREET, NEW YORK, WN. ¥ 


Your advertisement is being read in every State and in 25 Foreign Countries 
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FIGHT CANCER 


A grave responsibility rests upon 
the family physician 


IT IS HIS DUTY: 


To keep abreast of progress in cancer research and 
clinical experience. 

To warn his patients of the early symptoms of cancer. 

To insist upon periodic health examinations which 
will lead to the correction of precancerous condi- 
tions and the detection of early cancers. 

“Cancer is today the outstanding problem in medicine and 

public health; it threatens the ascendency of all other causes of 

death... education both of the medical profession and of the 

public is the most essential part of the present active campaign 

for the prevention and cure of cancer.” 


(William H. Weich, M. D., in Cancer: International Contributions to 
the Study of Cancer in honor of James Ewing. Philadelphia, 1931.) 


The New York City Cancer Committee 


34 East 75th Street - RHinelander 4-0435 
If not a resident of New York City—write to the 
American Society for the Control of Cancer 
New York, N. Y. 
In greater New York we will gladly furnish qualified speakers to groups 


of thirty or more. Do your share im helping to arrange for a talk. 
Pamphlets will be furnished for free distribution on request. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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| As Good Inside as It Looks 
on the Outside 


True, we are proud of the ange rene spotless exterior 
which characterizes the latest development in the art 
of condensation, the 


Mojonnier Stainless Steel Vacuum Pan 


But attractive appearance and with it, the greater ease 
of cleaning, both inside and out, are not the primary 
Py advantages of this new model. 

All the refinements in design and the economies in 
operation of the earlier copper models have been re- 
tained. Among these might be mentioned the insulated, 
| large diameter vapor throat which does not retard 


vapors; the ample vapor chamber that handles large 
, batches; the compact fand efficient steam unit, easily 
cleaned, insuring rapid milk circulation and quick 
condensate drainage; and the simple operation through 
one control valve only. J 
Bulletin 52 fully describes 
>» these units; gives records of ac- 
tua riormance tests; water, 
| perf t 
SEE steam and fuel cquoumeition 
data; and many unusual ways o 
OUR EXHIBIT effecting economies in the proc- 
BOOTH No.509 essing of milk and its products. 
ATLANTIC CITY Write for it today 
OCT. 26-31,1931 


MILK ENGINEERS 
4601 W. Ohio St. Chicago, Ill. 
SALES BRANCHES: 


PPP rd New York, N. Madison, Wis. 
Columbus, Ohio St. Louis, Mo. 
een Cleveland, Ohio Oakland, Calif. 


| Second Revised and Enlarged Edition 


PREPARATION OF SCIENTIFIC 
AND TECHNICAL PAPERS 


By Sam F. and Emma S. 


N authoritative discussion of first steps in treating scientific data, sug- 
gestions for subject matter and arrangement, corrections and altera- 
tions in manuscript, preparation of copy, kinds of type and how to indicate 
them, proper uses of tenses, correct abbreviations, compiling tables, refer- 
ences to literature, headings, illustrations, footnotes, proof reading, quota- 
' tions, tables of contents. 
A book that has grown through the authors’ years of experience in the 
supervision and in the actual preparation of scientific and technical papers. 
Cloth, 117 Pages, Bibliography. 


PRICE $1.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Choice of Leading 
Dairies 


Leading dairies use Wyandotte because their experience has 
proved that it doesn’t pay to experiment with “something just as 
good.”” They find that Wyandotte gives them sanitary cleanliness 
with unusually low cleaning costs,—and they know Wyandotte is 


always dependable. 


The unusual popularity of Wyandotte has been achieved by its 
unusual record of performance under every kind of operating 


conditions. 


Order from your Supply Man 
or write for detailed 
information 


Cleaner and Cleanser 


Tue J. B. Forp Company Wyandotte, Michigan 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Tue JouRNAL oF Dairy SCIENCE is issued bi-monthly, appearing in January, March, 
May, July, September and November. Each volume will consist’ of approximately 
500 pages.. Subscription is by the volume only and not by the-year.. One volume a 
year is issued at present. 

Twenty-five reprints without covers of articles will be furnished gratis to contributors 
when ordered in advance. A table showing cost of additional reprints with an order 
slip is sent with proof. 

Manuscripts should be typewritten and carefully revised before submission and 
should ‘be sent to Prof. A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. 

Correspondence concerning business matiers should be addressed to The Williams & 
Wiikins Company, Publishers of Scientific Journals and Books; Mount Royal and Guil- 
ford Avenues, Baltimore, U. S.A: 

Subscription price: $5.00 per volume United States, and countries within the postal 
union; $5.50, countries outside the postal union: Prices are net, postpaid. 

Claims for copies lost in the mails must be received within thirty days (domestic), 


- ninety days (foreign) of the date of issue. Changes of address must be received at 


least two weeks in advance of issue. 

New subscriptions and renewals are entered to begin with the first issue of the current 
volume. Should any issue of the current volume be out of print at the time the sub- 
scription order is received. the pro-rata value of such numbers will be credited to the 
next volume, and the renewal invoice therefore adjusted accordingly. 

Subscriptions should be renewed promptly—To avoid a break in your series, subscrip- 
tions should be renewed promptly. The publishers cannot guarantee to supply back 
issues on belated renewals. 

Subscriptions; new or renewal, should be sent to the Publishers or to Agents listed 
below. 


AGENTS: 


For Argentina and Uruguay: Beutelspacher y Cia, 
Sarmiento 815, Buenos Aires. 

For: Australia: Angus & Robertson, Limited, 89- 
95 Castlereagh Street, Sydney. 

For Lamertin, 58 Rue Couden- 
berg, Bruxelles. 

For the British 


St., Covent Garden, W C. 2, London, England. 
For Canada;' Wm: Dawson & Sons, Lid. 91 


For Denmark: H. Hagerup’s Boghandel, Gothers- 
gade 30, Kjébenhavn. 
For France: Emile Bougault, 48 Rue des Ecoles, 


For B. Westermann Co., Inc., Zimmer- 
strasse 35-41, Berlin SW-68, Germany. 

For Holland: Scheltema & Holkema, Rokin 74- 
76, Amsterdam. 

For Japan and Korea; Maruzen Company, Ltd. 
(Maruzen-Kabushiki-Kaisha), Nibonbashi Tori- 
Nichome, Tokyo; Fukuoka, Kyoto, and 


Queen Street East, Sendai, Japan. 
For China: Commercial: Press Ltd., Paoshan Hermanos, Plazs de Santa Ans, 
Road, Shanghai, China. 
THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
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A NEW MEDIUM 


Bacto-Milk Digest Agar 


This is a new product developed for the propagation of Lact. acidophilus and the other. 
lactic bacteria. It is rich in the special nutriments required: by these bacteria and 
allows luxuriant and’ characteristic growth of colonies. The dehydrated medium is 


very easy to prepare foruse and yields excellent results. The powderis stable andyields 


batches of consistently uniform media. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS By 
In the research and development of Bacto-Peptone and Dehydrated Culture Media 


DiFco LABORATORIES 


DETROIT, MICHIGAN, U. S. A. 
Bacteriological Division of Digestive Ferments Co. 


Theses - Problems 
The college trained staff of this organi- 
sation gladly furnishes data and in- 


|. formation for theses and problems. 


Why. not include this service in your 
plans. for the present academic year? 
The American Guernsey 
Cattle Club 
5 Grove Street Peterboro, N. H. 


FOGS AND: CLOUDS 


J. Hompmeeys 
Presents a complete: introduction: 


to lore of the vens, in: text and 
illustrations. th more than 90 
cloud and fog»scapes. 
$4.00 
THE WILLIAMS & WILEKINS.CO. 
BALTIMORE, U. Ay 


MARSCHALL 


-RENNET COLOR 


STRONG DEPEND- 
PURE ABLE 
Made in the largest and best equipped 

Rennet factory in 


THE MARSCHALL DAIRY LABORATORY’ 


MADISON, WISCONSIN 
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